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TARGETING CONSTRUCTS AND TRANSGENIC ANIMALS 
PRODUCED THEREWITH 

5 TECHNICAL FIELD 

This invention is in the field of molecular biology and medicine. More 
specifically, it relates to novel vector constructs and methods of use thereof for 
introducing heterologous polynucleotides into a host cell. Further, the invention relates 
to vector constructs and methods of use thereof to generate transgenic organisms, 

10 particularly transgenic mice. 

BACKGROUND 

In recent years, mouse geneticists have succeeded in creating transgenic animals 
by manipulating the genes of developing embryos and introducing foreign genes into 

15 these embryos. Once these genes have integrated into the genome of the recipient 
embryo, the resulting embryos or adult animals can be analyzed to determine the 
function of the gene. 

Traditionally, transgenic mice have been generated through DNA microinjection 
approach. Such an approach leads to the creation of "founder" mice having at least one 

20 copy of the transgene randomly integrated into the genome. Because neither the copy 
number nor the integration sites can be controled, transgenic mice generated by this 
method are genetically different from each other. The expression of transgenes in such 
transgenic mice are not uniform because of, for example, the difference in copy numbers 
of the transgene. Furthermore, chromosomal location of the transgene often affects the 

25 expression level of the transgene. For most of in vivo studies, particularly ones where it 
is desirable to compare levels of gene expression across different animals, it is important 
to have the mice with little or no genetic variation (i.e., isogenic mice) in order to reduce 
the systematic error. 

One way of controlling copy number and the chromosomal integration site is by 

30 using targeting constructs to create transgenic animals. U.S. Patent Nos. 5,464,764 and 
5,487,992 describe this type of transgenic animal in which a gene of interest is deleted or 
mutated sufficiently to disrupt its function. These "knock-out" animals are made by 
taking advantage of the phenomena of homologous recombination. (See, also U.S. 
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Patent Nos. 5,63 1 ,1 53 and 5,627,059). Using the "knock-out" approach, when the vector 
is introduced into the embryonic stem cell, a sequence becomes integrated into a target 
gene in the genome via homologous recombination. The integration disrupts the 
function of the target gene allows for examination of the phenotype resulting from the 
5 disruption of the gene. Neither of the above methods, however, provide a predictable 
approach for the generation of gene expression reporter transgenic animals which can be 
used for quantitative comparisons of gene expression across different animals transfected 
with the same construct, or for quantitative comparisons of the relative levels of 
expression of two or more different genes. 

10 The present invention solves this and other problems by providing transgenic 

animals in which at least one single-copy, non-essential gene is replaced with a reporter 
expression cassette, for example, a luciferase gene operably linked to a heterologous 
promoter. Thus, the present invention provides novel methods and vector constructs 
useful for the generation of transgenic animals. The invention further includes methods 

15 of using these animals. 

SUMMARY OF THE INVENTION 
The transgenic animals described herein are useful, for example, when studying 
in vivo regulation of selected genes. Also described herein are methods of generating 
20 populations of substantially isogenic transgenic animals, as well as, vectors useful in 
these methods. 

Accordingly, in one embodiment, the subject invention is directed to a transgenic, 
non-human mammal, for example, a rodent such as a mouse. The mammal comprises at 
least one single-copy, non-essential gene in its genome, wherein (i) at least a portion of 

25 at least one single-copy, non-essential gene is replaced by polynucleotide sequences 
heterologous to the gene, and (ii) the polynucleotide sequences comprise a first 
expression cassette which has been introduced into the mammal or an ancestor of the 
mammal, at an embryonic stage. The first expression cassette typically comprises a first 
selectable marker, a first transcriptional promoter element heterologous to the gene, and 

30 light-generating protein coding sequences. The light-generating protein coding 
sequences are operably linked to the promoter element. 
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The single-copy, non-essential gene may be selected, for example, from the 
group consisting of vitronectin, /<w£, and galactin 3 and the first selectable marker may 
be selected from the group consisting of neomycin phosphotransferase n, xanthine- 
guanine phosphoribosyltransferase, hygromycin-B-phosphotransferase, chloramphenicol 
5 acetyltransferase, and adeninephosphoribosyl transferase. 

In alternative embodiments, the first transcriptional promoter element is an 
inducible promoter, a repressible promoter, or a constitutive promoter, and may be 
selected from the group consisting of VEGF, VEGFR, and TIE2. 

In additional embodiments, the transgenic, non-human mammal described above 
10 comprises a second single-copy, non-essential gene in its genome, wherein (i) at least a 
portion of the second single-copy, non-essential gene is replaced by polynucleotide 
sequences heterologous to the second gene, and (ii) the polynucleotide sequences 
comprise a second expression cassette which has been introduced into the mammal or an 
ancestor of the mammal, at an embryonic stage. The second expression cassette 
15 typcially comprises a second selectable marker, a second transcriptional promoter 

element heterologous to the second gene, and light generating protein coding sequences. 
The light generating protein coding sequences are operably linked to the promoter 
element. 

The first and second transcriptional promoter elements and selectable markers 
20 may be the same or different and the light generating protein in the first expression 
cassette can produce a different color of light relative to the light generating protein in 
the second expression cassette. 

In yet a further embodiment, the invention is directed to a method of producing a 
transgenic, non-human mammal, such as a mouse. The mammal has at least one single- 
25 copy, non-essential gene in its genome. The method comprises 

transfecting an embryonic stem cell of the mammal with a linear vector 
comprising 

(a) a first selectable marker and a reporter expression cassette, the reporter 
expression cassette comprising a transcriptional promoter element operably linked to a 

30 light generating protein coding sequence, and 

(b) targeting polynucleotide sequences homologous to a single-copy, non- 
essential gene in said mammal's genome, the targeting polynucleotide sequences 
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flanking (a), wherein (i) the length of the polynucleotide sequences are sufficient to 
facilitate homologous recombination between the vector and the single-copy, non- 
essential gene, and (ii) the transcriptional promoter element is heterologous to the single- 
copy, non-essential gene; 
5 selecting embryonic stem cells which each have the first selectable marker and 

reporter expression cassette integrated into its genome; 

injecting the embryonic stem cells into a host embryo, 

implanting the embryo in a foster mother, 

maintaining the foster mother under conditions which allow production of an 
10 offspring that is a transgenic, non-human mammal carrying the reporter expression 
cassette. 

In certain embodiments, the offspring is capable of germline transmission of the 
reporter expression cassette and the method may further comprise breeding the offspring 
with a mammal which is substantially isogenic with the embryonic stem cells, such that 

15 the breeding yields transgenic Fl offspring carrying the reporter cassette. In particular 
embodiments, the method comprises breeding the first Fl offspring carrying the reporter 
cassette with a second Fl offspring carrying the reporter cassette, wherein the breeding 
yields transgenic F2 offspring carrying the reporter cassette. 

In additional embodiments, the embryonic stems cells may be derived from a 

20 mouse having a dark coat color, the mammal substantially isogenic with the embryonic 
stem cells may have a light coat color, and/or the F2 offspring carrying the reporter 
cassette may have a light coat color. In particular embodiments, the embryonic stems 
cells are derived from a C57BL/6 mouse having a dark coat color, and the mammal 
substantially isogenic with the embryonic stem cells is a C57BIV6-Tyr C2j7+ mouse 

25 having a light coat color. 

In still a further embodiment, the subject invention is directed to a vector for use 
in generating a transgenic non-human mammal, for example, a rodent such as a mouse. 
The mammal has at least one single-copy, non-essential gene in its genome. The vector 
comprises 

30 (a) a first selectable marker and a reporter expression cassette, the reporter 

expression cassette comprising a transcriptional promoter element operably linked to a 
light generating protein coding sequence, and 
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(b) targeting polynucleotide sequences homologous to a single-copy, non- 
essential gene in the mammal's genome, the targeting polynucleotide sequences flanking 
(a), wherein (i) the length of the targeting polynucleotide sequences are sufficient to 
facilitate homologous recombination between the vector and the single-copy, non- 
5 essential gene, and (ii) the transcriptional promoter element is heterologous to the single- 
copy, non-essential gene. 

In certain embodiments, the first selectable marker provides a positive selection 
and may be selected from the group consisting of neomycin phosphotransferase n, 
xanthine-guanine phosphoribosyltransferase, hygromycin-B-phosphotransferase, 
10 chloramphenicol acetyl transferase, and adeninephosphoribosyl transferase. Additionally, 
the transcriptional promoter element may be an inducible promoter, a repressible 
promoter, or a constitutive promoter, and may be selected from the group consisting of 
VEGF, VEGFR, and TE2. 

In alternative embodiments, the vector further comprises a second selectable 
15 marker and at least one target polynucleotide sequence is located between the second 
selectable marker and the first selectable marker. Additionally, the second selectable 
marker may provide a negative selection and may be selected from the group consisting 
of adenosine deaminase, thymidine kinase, and dihydrofolate reductase. 

The vectors described above may be circular and may contain at least one 
20 restriction site whose cleavage results in a linear vector having the following 

arrangement of elements: target polynucleotide sequence - (a) - targeting polynucleotide 
sequences or target polynucleotide sequence - (a) - targeting polynucleotide sequences - 
(second selectable marker). 

The coding sequences of the reporter expression cassette present in the vector 
25 may comprise codons that are optimal for expression in a host system into which the 
expression cassette is to be introduced. Additionally, the targeting polynucleotide 
sequences from single-copy, non-essential genes may be selected from the group 
consisting of vitronectin, /asB, and galactin 3. 

The light-generating protein in the mammals and methods described above may 
30 be derived from either procaryotic or eucaryotic sources and, in particularly preferred 
embodiments, the light generating protein is a luciferase. 
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These and other embodiments of the present invention will be apparent to those 
of skill in the art in view of the teachings herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic depicting construction of the pTK53 vector. 
Polynucleotides encoding PGK-P, Neo and TK and 5' and 3' linkers are introduced into 
5 a pKS backbone to produce the vector designated pTK53. 

Figure 2 is schematic depicting construction of the pTK-LucR and pTK-LucYG 
vectors. For pTK-LucR, a polynucleotide encoding LucR is introduced into pTK53 
Thus, the pTK-LucR construct contains the PGK-P gene, a neomycin (Neo") gene, a 
thymidine kinase (TK) gene and sequence encoding red luciferase (Luc-R). For pTK- 

10 LucYG, a polynucleotide encoding LucYG is introduced into pTK53. Thus, the pTK- 
LucYG construct contains the PGK-P gene, a neomycin (Neo r ) gene, a thymidine kinase 
(TK) gene and a sequence encoding yellow-green luciferase (Luc-YG). 

Figures 3A is a schematic depicting the vector pTKLR-Vn. Sequences 
homologous to the vitronectin gene are inserted into pTK-LucR such that they flank the 

15 Neo r gene and the Luc-R coding sequence. Figure 3B is a schematic depicting targeting 
of the linearized pTKLR-Vn vector to the vitronectin chromosomal locus. The VEGF 
promoter is cloned into the polylinkers between Neo and Luc-R. Upon homologous 
recombination, the Neo-VEGF-LucR transgene is inserted into the Vn gene. In the 
figure, (A) shows the targeting vector pTKLR-Vn and (B) shows the mouse vitronectin 

20 gene. In the figure, Neo - neomycin resistance encoding sequences; TK - thymidine 
kinase encoding sequences; LucR - red luciferase from pGL3Red (Dr. Christopher 
Contag, Stanford University, Stanford, CA). Regions bearing Vn gene translational start 
and stop codons are indicated with arrows. Poly(A) sequences are placed upstream of the 
polylinker to prevent or minimize read-through translation. Figure 3C shows the 

25 nucleotide sequence of vitronectin (SEQ ID NO:38). 

Figure 4A is a schematic depicting the vector pTKLG-Fos. Sequences 
homologous to the FosB gene are inserted into pTK-LucYG such that they flank the Neo r 
gene and the Luc-YG coding sequence. Figure 4B shows the nucleotide sequence of 
FosB (SEQIDNO:39). 

30 Figure 5A is a schematic depicting targeting of the linearized pTKLG-Fos vector 

to the FosB chromosomal locus. The VEGFR2 promoter is cloned into the polylinkers 
between Neo and Luc-YG. Upon homologous recombination, the Neo-VEGFR2-LucYG 
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transgene will be inserted into a sequence associated with production of FosB. In the 
figure, (A) shows the targeting vector, and (B) shows the mouse target gene. In the 
figure, Neo - neomycin resistance encoding sequences; TK- thymidine kinase encoding 
sequences; LucYG - yellow green luciferase from pGL3-control vector (Promega, 

5 Madison, WI). Regions bearing FosB gene translational start and stop codons are 
indicated with arrows. Poly(A) sequences are placed upstream of the polylinker to 
prevent or minimize read-through translation. Figure 5B is a schematic depicting 
targeting of the linearized pTKLG-Fos vector to the FosB chromosomal locus. The 
HE2 promoter is cloned into the polylinkers between Neo and Luc-R. Upon 

10 homologous recombination, the Neo-Tie2-LucYG transgene is inserted into the FosB 
gene. In the figure, (A) shows the targeting vector, and (B) shows the mouse target gene. 
In the figure, Neo - neomycin resistance encoding sequences; TK - thymidine kinase 
encoding sequences; LucYG - yellow green luciferase from pGL3-control vector 
(Promega). Regions bearing FosB gene translational start and stop codons are indicated 

15 with arrows. Poly(A) sequences are placed upstream of the polylinker to prevent or 
minimize read-through translation. 

Figure 6 depicts PGR conditions for genomic screening for promoters useful in 
exemplary targeting constructs of the present invention. 

Figure 7 depicts generation of targeted transgenic mice using the targeting 

20 vectors described herein. 

Figure 8 depicts of schematic representation of Southern blot analysis of 
homologous DNA recombination between pTKLG-Fos targetting vector and the FosB 
gene. 

Figure 9 depicts generation of targeted transgenic mice, using the targeting 
25 vectors described herein, and crosses using such transgenics as well as their offspring 
(Fl, first generation; F2, second generation). 

Figure 10 depicts crosses using transgenic mice of the present invention to 
generate dual luciferase transgenic mice. 
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MODES FOR CARRYING OUT THE INVENTION 
Throughout this application, various publications, patents, and published patent 
applications are referred to by an identifying citation. The disclosures of these 
publications, patents, and published patent specifications referenced in this application 
5 are included to more fully describe the state of the art to which this invention pertains. 

The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of molecular biology, microbiology, cell biology and 
recombinant DNA, which are within the skill of the art. See, e.g., Sambrook, Fritsch, 
and Maniatis, MOLECULAR CLONING: A LABORATORY MANUAL, 2nd edition 
10 (1989); CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, (F.M, Ausubel et al. 
eds., 1987); the series METHODS IN ENZYMOLOGY (Academic Press, Inc.); PCR 2: 
A PRACTICAL APPROACH (M.J. McPherson, B.D. Hames and G.R. Taylor eds., 
1995) and ANIMAL CELL CULTURE (R.I. Freshney. Ed., 1987). 

As used in this specification and the appended claims, the singular forms "a," 
15 "an" and "the" include plural references unless the content clearly dictates otherwise. 
Thus, for example, reference to "an antigen" includes a mixture of two or more such 
agents. 

Definitions 

20 As used herein, certain terms will have specific meanings. 

The terms "nucleic acid molecule" and "polynucleotide" are used interchangeably 
to and refer to a polymeric form of nucleotides of any length, either 
deoxyribonucleotides or ribonucleotides, or analogs thereof. Polynucleotides may have 
any three-dimensional structure, and may perform any function, known or unknown. 

25 Non-limiting examples of polynucleotides include a gene, a gene fragment, exons, 
introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA, 
recombinant polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA 
of any sequence, isolated RNA of any sequence, nucleic acid probes, and primers. 

A polynucleotide is typically composed of a specific sequence of four nucleotide 

30 bases: adenine (A); cytosine (C); guanine (G); and thymine (T) (uracil (U) for thymine 
(T) when the polynucleotide is RNA). Thus, the term polynucleotide sequence is the 
alphabetical representation of a polynucleotide molecule. This alphabetical 
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representation can be input into databases in a computer having a central processing unit 
and used for bioinformatics applications such as functional genomics and homology 
searching. 

A "coding sequence" or a sequence which "encodes" a selected polypeptide, is a 
5 nucleic acid molecule which is transcribed (in the case of DNA) and translated (in the 
case of mRNA) into a polypeptide, for example, in vivo when placed under the control of 
appropriate regulatory sequences (or "control elements"). The boundaries of the coding 
sequence are typically determined by a start codon at the 5* (amino) terminus and a 
translation stop codon at the 3' (carboxy) terminus. A coding sequence can include, but 

10 is not limited to, cDNA from viral, procaryotic or eucaryotic mRNA, genomic DNA 
sequences from viral or procaryotic DNA, and even synthetic DNA sequences. A 
transcription termination sequence may be located 3' to the coding sequence. Other 
"control elements" may also be associated with a coding sequence. A DNA sequence 
encoding a polypeptide can be optimized for expression in a selected cell by using the 

15 codons preferred by the selected cell to represent the DNA copy of the desired 

polypeptide coding sequence. "Encoded by" refers to a nucleic acid sequence which 
codes for a polypeptide sequence, wherein the polypeptide sequence or a portion thereof 
contains an amino acid sequence of at least 3 to 5 amino acids, more preferably at least 8 
to 10 amino acids, and even more preferably at least 15 to 20 amino acids from a 

20 polypeptide encoded by the nucleic acid sequence. Also encompassed are polypeptide 
sequences which are immunologically identifiable with a polypeptide encoded by the 
sequence. 

Typical "control elements", include, but are not limited to, transcription 
promoters, transcription enhancer elements, transcription termination signals, 

25 polyadenylation sequences (located 3' to the translation stop codon), sequences for 
optimization of initiation of translation (located 5' to the coding sequence), translation 
enhancing sequences, and translation termination sequences. Transcription promoters 
can include inducible promoters (where expression of a polynucleotide sequence 
operably linked to the promoter is induced by an analyte, cofactor, regulatory protein, 

30 etc.), repressible promoters (where expression of a polynucleotide sequence operably 
linked to the promoter is induced by an analyte, cofactor, regulatory protein, etc.), and 
constitutive promoters. 
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"Expression enhancing sequences" typically refer to control elements that 
improve transcription or translation of a polynucleotide relative to the expression level in 
the absence of such control elements (for example, promoters, promoter enhancers, 
enhancer elements, and translational enhancers (e.g., Shine and Delagarno sequences)). 
5 "Purified polynucleotide" refers to a polynucleotide of interest or fragment 

thereof which is essentially free, e.g., contains less than about 50%, preferably less than 
about 70%, and more preferably less than about 90%, of the protein with which the 
polynucleotide is naturally associated. Techniques for purifying polynucleotides of 
interest are well-known in the art and include, for example, disruption of the cell 

10 containing the polynucleotide with a chaotropic agent and separation of the 
polynucleotide(s) and proteins by ion-exchange chromatography, affinity 
chromatography and sedimentation according to density. 

A "heterologous sequence" as used herein is typically refers to either (i) a nucleic 
acid sequence that is not normally found in the cell or organism of interest, or (ii) a 

15 nucleic acid sequence introduced at a genomic site wherein the nucleic acid sequence 
does not normally occur in nature at that site. For example, a DNA sequence encoding a 
polypetide can be obtained from yeast and introduced into a bacterial cell. In this case 
the yeast DNA sequence is "heterologous" to the native DNA of the bacterial cell. 
Alternatively, a promoter sequence from a Tie2 gene can be introduced into the genomic 

20 location of &fosB gene. In this case the Tie2 promoter sequence is "heterologous" to the 
native fosB genomic sequence. 

A "polypeptide" is used in it broadest sense to refer to a compound of two or 
more subunit amino acids, amino acid analogs, or other peptidomimetics. The subunits 
may be linked by peptide bonds or by other bonds, for example ester, ether, etc. As used 

25 herein, the term "amino acid" refers to either natural and/or unnatural or synthetic amino 
acids, including glycine and both the D or L optical isomers, and amino acid analogs and 
peptidomimetics. A peptide of three or more amino acids is commonly called an 
oligopeptide if the peptide chain is short. If the peptide chain is long, the peptide is 
typically called a polypeptide or a protein. 

30 "Operably linked" refers to an arrangement of elements wherein the components 

so described are configured so as to perform their usual function. Thus, a given 
promoter that is operably linked to a coding sequence (e.g., a reporter expression 
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cassette) is capable of effecting the expression of the coding sequence when the proper 
enzymes are present. The promoter or other control elements need not be contiguous 
with the coding sequence, so long as they function to direct the expression thereof. For 
example, intervening untranslated yet transcribed sequences can be present between the 
5 promoter sequence and the coding sequence and the promoter sequence can still be 
considered "operably linked" to the coding sequence. 

"Recombinant" as used herein to describe a nucleic acid molecule means a 
polynucleotide of genomic, cDNA, semisynthetic, or synthetic origin which, by virtue of 
its origin or manipulation: (1) is not associated with all or a portion of the polynucleotide 

10 with which it is associated in nature; and/or (2) is linked to a polynucleotide other than 
that to which it is linked in nature. The term "recombinant" as used with respect to a 
protein or polypeptide means a polypeptide produced by expression of a recombinant 
polynucleotide. "Recombinant host cells," "host cells," "cells," "cell lines," "cell 
cultures," and other such terms denoting procaryotic microorganisms or eucaryotic cell 

15 lines cultured as unicellular entities, are used interchangeably, and refer to cells which 
can be, or have been, used as recipients for recombinant vectors or other transfer DNA, 
and include the progeny of the original cell which has been transfected. It is understood 
that the progeny of a single parental cell may not necessarily be completely identical in 
morphology or in genomic or total DNA complement to the original parent, due to 

20 accidental or deliberate mutation. Progeny of the parental cell which are sufficiently 
similar to the parent to be characterized by the relevant property, such as the presence of 
a nucleotide sequence encoding a desired peptide, are included in the progeny intended 
by this definition, and are covered by the above terms. An "isolated polynucleotide" 
molecule is a nucleic acid molecule separate and discrete from the whole organism with 

25 which the molecule is found in nature; or a nucleic acid molecule devoid, in whole or 
part, of sequences normally associated with it in nature; or a sequence, as it exists in 
nature, but having heterologous sequences (as defined below) in association therewith. 

Techniques for determining nucleic acid and amino acid "sequence identity" also 
are known in the art. Typically, such techniques include determining the nucleotide 

30 sequence of the mRNA for a gene and/or determining the amino acid sequence encoded 
thereby, and comparing these sequences to a second nucleotide or amino acid sequence. 
In general, "identity" refers to an exact nucleotide-to-nucleotide or amino acid-toamino 
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acid correspondence of two polynucleotides or polypeptide sequences, respectively. 
Two or more sequences (polynucleotide or amino acid) can be compared by determining 
their "percent identity." The percent identity of two sequences, whether nucleic acid or 
amino acid sequences, is the number of exact matches between two aligned sequences 
5 divided by the length of the shorter sequences and multiplied by 100. An approximate 
alignment for nucleic acid sequences is provided by the local homology algorithm of 
Smith and Waterman, Advances in Applied Mathematics 2:482-489 (1981). This 
algorithm can be applied to amino acid sequences by using the scoring matrix developed 
by Davhoff. Atlas of Protein Sequences and Structure , MO. Dayhoff ed., 5 suppl. 3:353- 

10 358, National Biomedical Research Foundation, Washington, D.C., USA, and 

normalized by Gribskov, Nucl. Acids Res. 14(6):6745-6763 (1986). An exemplary 
implementation of this algorithm to determine percent identity of a sequence is provided 
by the Genetics Computer Group (Madison, WI) in the "BestFit" utility application. The 
default parameters for this method are described in the Wisconsin Sequence Analysis 

15 Package Program Manual, Version 8 (1995) (available from Genetics Computer Group, 
Madison, WI), A preferred method of establishing percent identity in the context of the 
present invention is to use the MPSRCH package of programs copyrighted by the 
University of Edinburgh, developed by John F. Collins and Shane S. Sturrok, and 
distributed by IntelliGenetics, Inc. (Mountain View, CA). From this suite of packages 

20 the Smith-Waterman algorithm can be employed where default parameters are used for 
the scoring table (for example, gap open penalty of 12, gap extension penalty of one, and 
a gap of six). From the data generated the "Match" value reflects "sequence identity." 
Other suitable programs for calculating the percent identity or similarity between 
sequences are generally known in the art, for example, another alignment program is 

25 BLAST, used with default parameters. For example, BLASTN and BLASTP can be 
used using the following default parameters: genetic code = standard; filter = none; 
strand = both; cutoff = 60; expect = 10; Matrix = BLOSUM62; Descriptions = 50 
sequences; sort by = HIGH SCORE; Databases = non-redundant, GenBank + EMBL + 
DDBJ + PDB + GenBank CDS translations + Swiss protein + Spupdate + PIR. Details 

30 of these programs can be found at the following internet address: 

http://www.ncbi.nlm.gov/cgi-bin/BLAST. When claiming sequences relative to 
sequences of the present invention, the desired degrees of sequence identity are at least 
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80%, 85-90%, preferably 92%, more preferably 95%, and even more preferably 98% 
sequence identity to the reference sequence (i.e., the sequences of the present invention). 

Alternatively, the degree of sequence similarity between polynucleotides can be 
determined by hybridization of polynucleotides under conditions that form stable 

5 duplexes between homologous regions, followed by digestion with single-stranded- 
specific nuclease(s), and size determination of the digested fragments. Two DNA, or 
two polypeptide sequences are "substantially homologous" to each other when the 
sequences exhibit at least about 80%-85%, preferably at least about 85%-90%, more 
preferably at least about 90%-95%, and most preferably at least about 95%-98% 

10 sequence identity over a defined length of the molecules, as determined using the 
methods above. As used herein, substantially homologous also refers to sequences 
showing complete identity to the specified DNA or polypeptide sequence. DNA 
sequences that are substantially homologous can be identified in a Southern 
hybridization experiment under, for example, stringent conditions, as defined for that 

15 particular system. Defining appropriate hybridization conditions is within the skill of the 
art. See, e.g., Sambrook et al., supra; DNA Cloning, supra; Nucleic Acid Hybridization, 
supra. 

Two nucleic acid fragments are considered to "selectively hybridize" as described 
herein. The degree of sequence identity between two nucleic acid molecules affects the 

20 efficiency and strength of hybridization events between such molecules. A partially 
identical nucleic acid sequence will at least partially inhibit a completely identical 
sequence from hybridizing to a target molecule. Inhibition of hybridization of the 
completely identical sequence can be assessed using hybridization assays that are well 
known in the art (e.g., Southern blot, Northern blot, solution hybridization, or the like, 

25 see Sambrook, et al., Molecular Cloning: A Laboratory Manual, Second Edition, (1989) 
Cold Spring Harbor, N.Y.). Such assays can be conducted using varying degrees of 
selectivity, for example, using conditions varying from low to high stringency. If 
conditions of low stringency are employed, the absence of non-specific binding can be 
assessed using a secondary probe that lacks even a partial degree of sequence identity 

30 (for example, a probe having less than about 30% sequence identity with the target 

molecule), such that, in the absence of non-specific binding events, the secondary probe 
will not hybridize to the target. 
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When utilizing a hybridization-based detection system, a nucleic acid probe is 
chosen that is complementary to a target nucleic acid sequence, and then by selection of 
appropriate conditions the probe and the target sequence "selectively hybridize," or bind, 
to each other to form a hybrid molecule. A nucleic acid molecule that is capable of 
5 hybridizing selectively to a target sequence under "moderately stringent" typically 
hybridizes under conditions that allow detection of a target nucleic acid sequence of at 
least about 10-14 nucleotides in length having at least approximately 70% sequence 
identity with the sequence of the selected nucleic acid probe. Stringent hybridization 
conditions typically allow detection of target nucleic acid sequences of at least about 10- 

10 14 nucleotides in length having a sequence identity of greater than about 90-95% with 
the sequence of the selected nucleic acid probe. Hybridization conditions useful for 
probe/target hybridization where the probe and target have a specific degree of sequence 
identity, can be determined as is known in the art (see, for example, Nucleic Acid 
Hybridization: A Practical Approach * editors B.D. Hames and S J. Higgins, (1985) 

15 Oxford; Washington, DC; IRL Press). 

With respect to stringency conditions for hybridization, it is well known in the art 
that numerous equivalent conditions can be employed to establish a particular stringency 
by varying, for example, the following factors: the length and nature of probe and target 
sequences, base composition of the various sequences, concentrations of salts and other 

20 hybridization solution components, the presence or absence of blocking agents in the 
hybridization solutions (e.g., formamide, dextran sulfate, and polyethylene glycol), 
hybridization reaction temperature and time parameters, as well as, varying wash 
conditions. The selection of a particular set of hybridization conditions is selected 
following standard methods in the art (see, for example, Sambrook, et al., Molecular 

25 Cloning: A Laboratory Manual . Second Edition, (1989) Cold Spring Harbor, N.Y.). 

A "vector" is capable of transferring gene sequences to target cells. Typically, 
"vector construct," "expression vector," and "gene transfer vector," mean any nucleic 
acid construct capable of directing the expression of a gene of interest and which can 
transfer gene sequences to target cells. Thus, the term includes cloning, and expression 

30 vehicles, as well as integrating vectors. 

"Nucleic acid expression vector" or "expression cassette" refers to an assembly 
which is capable of directing the expression of a sequence or gene of interest. The 
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nucleic acid expression vector includes a promoter which is operably linked to the 
sequences or gene(s) of interest. Other control elements may be present as well. 
Expression cassettes described herein may be contained within a plasmid construct. In 
addition to the components of the expression cassette, the plasmid construct may also 
5 include a bacterial origin of replication, one or more selectable markers, a signal which 
allows the plasmid construct to exist as single-stranded DNA (e.g., a M13 origin of 
replication), a multiple cloning site, and a "mammalian" origin of replication (e.g., a 
SV40 or adenovirus origin of replication). 

An "expression cassette" comprises any nucleic acid construct capable of 

10 directing the expression of a gene/coding sequence of interest. Such cassettes can be 
constructed into a "vector," "vector construct," "expression vector," or "gene transfer 
vector," in order to transfer the expression cassette into target cells. Thus, the term 
includes cloning and expression vehicles, as well as viral vectors. 

"Luciferase," unless stated otherwise, includes prokaryotic and eukaryotic 

15 luciferases, as well as variants possessing varied or altered optical properties, such as 
luciferases that produce different colors of light (e.g., Kajiyama, N., and Nakano, E., 
Protein Engineering 4(6):691-693 (1991)). 

"Light-generating" is defined as capable of generating light through a chemical 
reaction or through the absorption of radiation. 

20 A "light generating protein" or "light-emitting protein" is a protein capable of 

generating light in the visible spectrum (between approximately 350 nm and 800 nm). 
Examples include bioluminescent protiens such as luciferases, e.g., bacterial and firefly 
luciferases, as well as fluorescent proteins such as green fluorescent protein (GFP). 

"Light" is defined herein, unless stated otherwise, as electromagnetic radiation 

25 having a wavelength of between about 300 nm and about 1 100 nm. 

"Animal" as used herein typically refers to a non-human mammal, including, 
without limitation, farm animals such as cattle, sheep, pigs, goats and horses; domestic 
mammals such as dogs and cats; laboratory animals including rodents such as mice, rats 
and guinea pigs; birds, including domestic, wild and game birds such as chickens, 

30 turkeys and other gallinaceous birds, ducks, geese, and the like. The term does not 
denote a particular age. Thus, both adult and newborn individuals are intended to be 
covered. 
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A "transgenic animal" refers to a genetically engineered animal or offspring of 
genetically engineered animals. A transgenic animal usually contains material from at 
least one unrelated organism, such as from a virus, plant, or other animal. The "non- 
human animals" of the invention include vertebrates such as rodents, non-human 

5 primates, sheep, dogs, cows, amphibians, birds, fish, insects, reptiles, etc. The term 
"chimeric animal" is used to refer to animals in which the heterologous gene is found, or 
in which the heterologous gene is expressed in some but not all cells of the animal. 

"Analyte" as used herein refers to any compound or substance whose effects 
{e.g., induction or repression of a specific promoter) can be evaluated using the test 

10 animals and methods of the present invention. Such analytes include, but are not limited 
to, chemical compounds, pharmaceutical compounds, polypeptides, peptides, 
polynucleotides, and polynucleotide analogs. Many organizations (e.g., the National 
Institutes of Health, pharmaceutical and chemical corporations) have large libraries of 
chemical or biological compounds from natural or synthetic processes, or fermentation 

15 broths or extracts. Such compounds/analytes can be employed in the practice of the 
present invention. 

As used herein, the term "positive selection marker" refers to a gene encoding a 
product that enables only the cells that carry the gene to survive and/or grow under 
certain conditions. For example, plant and animal cells that express the introduced 

20 neomycin resistance (Neo 1 ) gene are resistant to the compound G41 8. Cells that do not 
carry the Neo r gene marker are killed by G41 8. Other positive selection markers will be 
known to those of skill in the art. Typically, positive selection markers encode products 
that can be readily asssayed. Thus, positive selection markers can be used to determine 
whether a particular DNA construct has been introduced into a cell, organ or tissue. 

25 "Negative selection marker" refers to gene encoding a product which can be used 

to selectively kill and/or inhibit growth of cells under certain conditions. Non-limiting 
examples of negative selection inserts include a herpes simplex virus (HSV)-thymidine 
kinase (TK) gene. Cells containing an active HSV-TK gene are incapable of growing in 
the presence of gangcylovir or similar agents. Thus, depending on the substrate, some 

30 gene products can act as either positive or negative selection markers. 

The term "homologous recombination" refers to the exchange of DNA fragments 
between two DNA molecules or chromatids at the site of essentially identical nucleotide 
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sequences. It is understood that substantially homologous sequences can accommodate 
insertions, deletions, and substitutions in the nucleotide sequence. Thus, linear 
sequences of nucleotides can be essentially identical even if some of the nucleotide 
residues do not precisely correspond or align (see, above). 
5 A "knock-out" mutation refers to partial or complete loss of expression of at least 

a portion the target gene. Examples of knock-out mutations include, but are not limited 
to, gene-replacement by heterologous sequences, gene disruption by heterologous 
sequences, and deletion of essential elements of the gene (e.g., promoter region, portions 
of a coding sequence). A "knock-out" mutation is typically identified by the phenotype 
10 generated by the mutation. 

A "single-copy gene" as used herein refers to a gene represented in an organism's 
genome only by a single copy at a particular chromosomal locus. Accordingly, a diploid 
organism has two copies of the gene and both copies occur at the same chromosomal 
location. 

15 A "gene" as used in the context of the present invention is a sequence of 

nucleotides in a genetic nucleic acid (chromosome, plasmid, etc.) with which a genetic 
function is associated. A gene is a hereditary unit, for example of an organism, 
comprising a polynucleotide sequence (e.g., a DNA sequence for mammals) that 
occupies a specific physical location (a "gene locus" or "genetic locus") within the 

20 genome of an organism. A gene can encode an expressed product, such as a polypeptide 
or a polynucleotide (e.g., tRNA). Alternatively, a gene may define a genomic location 
for a particular event/function, such as the binding of proteins and/or nucleic acids (e.g., 
phage attachment sites), wherein the gene does not encode an expressed product. 
Typically, a gene includes coding sequences, such as, polypeptide encoding sequences, 

25 and non-coding sequences, such as, promoter sequences, poly-adenlyation sequences, 
transcriptional regulatory sequences (e.g., enhancer sequences). Many eucaryotic genes 
have "exons" (coding sequences) interrupted by "introns" (non-coding sequences). In 
certain cases, a gene may share sequences with another gene(s) (e.g., overlapping genes). 
"Isogenic" means two or more organisms or cells that are considered to be 

30 genetically identical. "Substantially isogenic" means two or more organisms or cells 
wherein, at the majority of genetic loci (e.g., greater than 99.000%, preferably more than 
99.900%, more preferably greater than 99.990%, even more preferably greater than 
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99.999%), there exists genetic identity between the organisms or cells being compared. 
In the context of the present invention, two organisms (for example, mice) are considered 
to be "substantially isogenic" if, for example, inserted transgenes are the primary 
differences between the genetic make-up of the mice being compared. Further, if, for 
5 example, the genetic backgrounds of the mice being compared are the same with the 
exception that one of the mice has one or several defined mutation(s) (for example, 
affecting coat color), then these mice are considered to be substantially isogenic. An 
example of two strains of substantially isogenic mice are C57BL/6 and C57BL/6-Tyr 
C2j/+. 

10 A "pseudogene" as used herein, refers to a type of gene sequence found in the 

genomes, typically, of eucaryotes, where the sequence closely resembles a known 
functional gene, but differs in that the pseudogene is non-functional. For example, the 
pseudogene sequence may contain several stop codons in what would correspond to an 
open reading frame in the functional gene. Pseudogenes can also have deletions or 

15 insertions relative to their corresponding functional gene. If, for example, in a genome 
there is a functional gene and a related pseudogene, the functional gene is considered to 
be a single-copy gene (accordingly, the pseudogene is considered to be single-copy as 
well). 

A "non-essential gene" refers to a gene whose deletion, disruption, elimination, 
20 reduction of gene function, or mutation is non-lethal, and does not obviously adversely 
affect the organisms' ability to mature and reproduce. A "non-essential gene with no 
phenotype" refers to a non-essential gene whose deletion, disruption, elimination, 
reduction of gene function or mutation has no deleterious effect on the organism. 
Typically there are no phenotypically reflected gene dosage effects associated with 
25 modification of a non-essential gene with no phenotype — for example, deletion, 
disruption or mutation of both copies of a non-essential gene with no phenotype in a 
diploid organism has essentially the same effect as deletion, disruption, or mutation of 
one of the two copies present in the diploid organism. In the context of the present 
invention, a non-essential gene is typically one whose function has been eliminated (e.g., 
30 by a deletion mutation) and such elimination of function was non-lethal and the organism 
developed, matured, and was able to reproduce. 
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The "native sequence" or "wild-type sequence" of a gene is the polynucleotide 
sequence that comprises the genetic locus corresponding to the gene, e.g., all regulatory 
and open-reading frame coding sequences required for expression of a completely 
functional gene product as they are present in the wild-type genome of an organism. The 
5 native sequence of a gene can include, for example, transcriptional promoter sequences, 
translation enhancing sequences, introns, exons, and poly-A processing signal sites. It is 
noted that in the general population, wild-type genes may include multiple prevalent 
versions that contain alterations in sequence relative to each other and yet do not cause a 
discernible pathological effect. These variations are designated "polymorphisms" or 
10 "allelic variations." 

By "replacement sequence" is meant a polynucleotide sequence that is substituted 
for at least a portion of the native or wild-type sequence of a gene. 

"Linear vector" or "linearized vector," as used herein, is a vector having two 
ends. For example, circular vectors, such as plasmids, can be linearized by digestion 
15 with a restriction endonuclease that cuts at a single site in the plasmid. Preferably, the 
targeting vectors described herein are linearized such that the ends are not within the 
targeting sequences. 

General Overview 

20 The present invention relates to vector constructs and methods of creating 

transgenic animals to be used, for example, as test systems. Methods of using the 
animals of the present invention include, but are not limited to, using these animals for 
studies involving tumor growth and other disease conditions. In the practice of the 
present invention, transgenic, non-human mammals are constructed where a single-copy, 

25 non-essential gene is replaced by a reporter expression cassette, preferably a gene 

encoding a light-generating protein, such as a luciferase-encoding gene, operably linked 
to a promoter. A variety of promoters are useful in the practice of the present invention, 
for example, promoters derived from genes associated with tumorigenesis or 
angiogenesis. Thus, an exemplary promoter can be one that is associated with proteins 

30 induced during tumorigenesis, for instance in the presence of tumor generating 

compounds or of tumors themselves. In this way, expression of the reporter cassette is 
induced in the animal when, for example, tumors are present, and progression of the 
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tumor can be evaluated by non-invasive imaging methods using the whole animal. 
Another exemplary promoter is one that is derived from a gene associated with 
angiogenesis. Because the promoter is linked to a reporter such as luciferase, non- 
invasive monitoring of the progression of angiogenesis is possible. 
5 Various forms of the different embodiments of the invention, described herein, 

may be combined. 

Non-invasive imaging and/or detecting of light-emitting conjugates in 
mammalian subjects was described in U.S. Patent No. 5,650,135, by Contag, et al., 
issued 22 July 1997. This imaging technology can be used in the practice of the present 

10 invention in view of the teachings of the present specification. In the imaging method, 
the conjugates contain a biocompatible entity and a light-generating moiety. 
Biocompatible entities include, but are not limited to, small molecules such as cyclic 
organic molecules; macromolecules such as proteins; microorganisms such as viruses, 
bacteria, yeast and fungi; eukaryotic cells; all types of pathogens and pathogenic 

15 substances; and particles such as beads and liposomes. In another aspect, biocompatible 
entities may be all or some of the cells that constitute the mammalian subject being 
imaged, for example, cells carrying the vector constructs of the present invention 
expressing a reporter expression cassette. 

Light-emitting capability is conferred on the biocompatible entities by the 

20 conjugation of a light-generating moiety. Such moieties include fluorescent molecules, 
fluorescent proteins, enzymatic reactions giving off photons and luminescent substances, 
such as bioluminescent proteins. In the context of the present invention, light emitting 
capability is typically confered on target cells by having at least one copy of a light- 
generating protein, e.g., a luciferase, present. In preferred embodiments, luciferase is 

25 operably linked to appropriate control elements which can facilitate expression of a 

polypeptide having luciferase activity. Substrates of luciferase can be endogenous to the 
cell or applied to the cell or system (e.g., injection into a transgenic mouse, having cells 
carrying a luciferase construct, of a suitable substrate for the luciferase, for example, 
luciferin). The conjugation may involve a chemical coupling step, genetic engineering of 

30 a fusion protein, or the transformation of a cell, microorganism or animal to express a 
light-generating protein. 
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Targeting Constructs 

The targeting cassettes described herein typically include the following 
components: (1) a suitable vector backbone; (2) a polynucleotide encoding a light 
generating protein (3) a promoter operably linked to the light generating protein- 
5 encoding gene, wherein the promoter is heterologous to the light generating protein 
coding sequences; (4) a sequence encoding a positive selection marker; (5) insertion sites 
flanking the sequence encoding the positive selection marker and the polynucleotide 
encoding a light generating protein gene, for insertion of sequences which target a 
single-copy, non-essential chromosomal gene; and, optionally, (6) a sequence encoding a 
10 negative selection marker. Exemplary targeting constructs are shown in Figures 3B, 5A 
and 5B and described in Examples 1-3. 

Suitable vector backbones generally include an Fl origin of replication; a colEl 
plasmid-derived origin of replication; polyadenylation sequence(s); sequences encoding 
antibiotic resistance (e.g., ampicillin resistance) and other regulatory or control elements. 
15 Non-limiting examples of appropriate backbones include: pBluescriptSK (Stratagene, La 
Jolla, CA); pBluescriptKS (Stratagene, La Jolla, CA) and other commercially available 
vectors. 

In one aspect of the invention the light generating protein is luciferase. 
Luciferase coding sequences useful in the practice of the present invention include, but 

20 are not limited to, sequences obtained from lux genes (procaryotic genes encoding a 
luciferase activity) and luc genes (eucaryotic genes encoding a luciferase activity). A 
variety of luciferase encoding genes have been identified including, but not limited to, 
the following: B.A. Sherf and K.V. Wood, U.S. Patent No. 5,670,356, issued 23 
September 1997; Kazami, J., et al., U.S. Patent No. 5,604,123, issued 18 February 1997; 

25 S. Zenno, et ai, U.S. Patent No. 5,618,722; K.V. Wood, U.S. Patent No. 5,650,289, 
issued 22 July 1 997; K.V. Wood, U.S. Patent No. 5,641 ,641 , issued 24 June 1997; N. 
Kajiyama and E. Nakano, U.S. Patent No. 5,229,285, issued 20 July 1993; MJ. Cormier 
and W.W. Lorenz, U.S. Patent No. 5,292,658, issued 8 March 1994; M.J. Cormier and 
W.W. Lorenz, U.S. Patent No. 5,418,155, issued 23 May 1995; de Wet, J.R., et al, 

30 Molec. Cell Biol 7:725-737, 1987; Tatsumi, H.N., et al, Biochim, Biophys. Acta 
1 131:161-165, 1992; and Wood, K.V., et al, Science 244:700-702, 1989. Eukaryotic 
luciferase catalyzes a reaction using luciferin as a luminescent substrate to produce light, 
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whereas prokaryotic luciferase catalyzes a reaction using an aldehyde as a luminescent 
substrate to produce light. 

Wild-type firefly luciferases typically have an emission maxima at about 550 nm. 
Numerous variants with differing emission maxima have also been studied. For 
5 example, Kajiyama and Nakano (Protein Eng. 4(6):691-693, 1991; U.S. Patent No. 
5,330,906, issued 19 July 1994) teach five variant firefly luciferases generated by single 
amino acid changes to the Luciola cruciata luciferase coding sequence. The variants 
have emission peaks of 558 nm, 595 nm, 607 nm, 609 nm and 612 nm. A yellow-green 
luciferase with an emission peak of about 540 nm is commerically available from 

10 Promega, Madison, WI under the name pGL3. A red luciferase with an emission peak of 
about 610 nm is described, for example, in Contag et al. (1998) Nat. Med. 4:245-247 and 
Kajiyama et al. (1991) Prot. Eng. 4:691-693. 

Positive selection markers include any gene which a product that can be readily 
asssayed. Examples include, but are not limited to, a hprt gene (Littlefield, J. W., 

15 Science 145:709-710 (1964)), a xanthine-guanine phosphoribosyltransferase (gpt) gene, 
or an adenosine phosphoribosyltransferase (aprt) gene (Sambrook et al., supra), a 
thymidine kinase gene (i.e <( TK") and especially the TK gene of herpes simplex virus 
(Giphart-Gassler, M. et al., Mutat. Res. 214:223-232 (1989)), a nptn gene (Thomas, K. 
R. et al., Cell 51:503-512 (1987); Mansour, S. L. et al., Nature 336:348-352 (1988)X or 

20 other genes which confer resistance to amino acid or nucleoside analogues, or . 
antibiotics, etc, for example, gene sequences which encode enzymes such as 
dihydrofolate reductase (DHFR) enzyme, adenosine deaminase (ADA), asparagine 
synthetase (AS), hygromycin B phosphotransferase, or a CAD enzyme (carbamyl 
phosphate synthetase, aspartate transcarbamylase, and dihydroorotase). Addition of the 

25 appropriate substrate of the positive selection marker can be used to determine if the 
product of the positive selection marker is expressed, for example cells which do not 
express the positive selection marker nptll, are killed when exposed to the substrate 
G41 8 (Gibco BRL Life Technology, Gaithersburg, MD). 

The targeting vector typically contains insertion sites for inserting targeting 

30 sequences (e.g., sequences that are substantially homologous to the target sequences in 
the host genome where integration of the targeting vector/expression cassette is desired). 
These insertion sites are preferably included such that there are two sites, one site on 
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either side of the sequences encoding the positive selection marker, light generating 
protein (e.g., luciferase) and the promoter. Insertion sites are, for example, restriction 
endonuclease recognition sites, and can, for example, represent unique restriction sites. 
In this way, the vector can be digested with the appropriate enzymes and the targeting 
5 sequences ligated into the vector. 

Optionally, the targeting construct can contain a polynucleotide encoding a 
negative selection marker. Suitable negative selection markers include, but are not 
limited to, HSV-tk (see, e.g., Majzoub et al. (1996) New Engl 7. Med. 334:904-907 and 
U.S. Patent No. 5,464,764), as well as genes encoding various toxins including the 
10 diphtheria toxin, the tetanus toxin, the cholera toxin and the pertussis toxin. A further 
negative selection marker gene is the hypoxanthine-guanine phosphoribosyl transferase 
(HPRT) gene for negative selection in 6-thioguanine. 

Exemplary promoters and single-copy, non-essential genes for use in the vector 
constructs and methods of the present invention are described below. 

15 

Promoters 

The targeting constructs and transgenic animals described herein contain a 
sequence encoding a light generating protein, e.g., luciferase, gene operably linked to a 
promoter. The promoter may be from the same species as the transgenic animal (e.g., 

20 mouse promoter used in construct to make transgenic mouse) or from a different species 
(e.g., human promoter used in construct to make transgenic mouse). The promoter can 
be derived from any gene of interest. In one embodiment of the present invention, the 
promoter is derived from a gene whose expression is induced during angiogenesis, for 
example pathogenic angiogenesis like tumor development. Thus, when a tumor begins 

25 to develop in a transgenic animal carrying a vector construct of the present invention, the 
promoter is induced and the animal expresses luciferase, which can then be mpnitored in 
vivo. 

Exemplary promoters for use in the present invention are selected such that they 
are functional in a cell type and/or animal into which they are being introduced. 
30 Exemplary promoters include, but are not limited to, promoters obtained from the 
following mouse genes: vascular endothelial growth factor (VEGF) (VEGF promoter 
described in U.S. Patent No. 5,916,763; Shima et al. (1996) J. Bio. Chem. 271 :3877- 
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3883; sequence available on NCBI under accession number U41 383); VEGFR2, also 
known as Flk^l, (VEGFR-2 promoter described, for example, in Ronicke et al. (1996) 
Circ. Res. 79:277-285; Patterson et al. (1995) J. Bio. Chem. 270:231 1 1-231 18; Kappel et 
al. (1999) Blood 93:4282-4292; sequence available as accession number X89777 of 
5 NCBI database); Tie2, also known as Tek (Tie2 promoter described, for example, in 
Fadel et al. (1998) Biochem. J. 338:335-343; Schlaeger et al. (1995) Develop. 121:1089- 
1098; Schlager et al. (1997) PNAS USA 94:3058-3063). VEGF is a specific mitogen for 
EC in vitro and a potent angiogenic factor in vivo. In a tumorigenesis study, it was shown 
that VEGF was critical for the initial subcutaneous growth of T-47D breast carcinoma 

10 cells transplanted into nude mice, whereas other angiogenic factors, such as, bFGF can 
compensate for the loss of VEGF after the tumors have reached a certain size (Yoshiji, 
H., et al.,1997 Cancer Research 57: 3924-28). VEGF is a major mediator of aberrant EC 
proliferation and vascular permeability in a variety of human pathologic situation, such 
as, tumor angiogenesis, diabetic retinopathy and rheumatoid arthritis (Benjamin LE, et 

15 al.,1997 PNAS 94: 8761-66; Soker, S., et al.,1998 Cell 92: 735-745). VEGF is 

synthesized by tumor cells in vivo and accumulates in nearby blood vessels. Because 
leaky tumor vessels initiate a cascade of events, which include plasma extravasation and 
which lead ultimately to angiogenesis and tumor stroma formation, VEGF plays a pivotal 
role in promoting tumor growth (Dvorak, H.F., et al., 1991 J Exp Med 174:1275-8). 

20 VEGF expression was upregulated by hypoxia (Shweiki, D., et al., 1992 Nature 359: 
843-5). VEGF is also upregulated by overexpression of v-Src oncogene (Mukhopadhyay. 
D., et al.,1995 Cancer Res. 15: 6161-5), c-SRC (Mukhopadhyay, D., et al., 1995 Nature 
375: 577-81), and mutant ras oncogene (Plate, K.H., et al., 1992 Nature 359: 845-8). 
The tumor suppressor p53 downregulates VEGF expression (Mukhopadhyay. D., et 

25 al.,1995 Cancer Res. 15: 6161-5). 

A number of cytokines and growth factors, including PGF and TPA (Grugel, S„ 
et al., 1995 J. Biological Chem. 270: 25915-9), EGF, TGF-b, IL-1, IL-6 induce VEGF 
mRNA expression in certain type of cells (Ferrara, N., et al., 1997 Endocr. Rev. 18: 4- 
25). Kaposi's sarcoma-associated herpesvirus (KSHV) encoded a G-protein-coupled 

30 receptor, a homolog of IL-8 receptor, can activate JNK/SAPK and p38MAPK and 
increase VEGF production, thus causing cell transformation and tumorigenicity (Bais, 
C, et al., Nature 1998 391:86-9). VEGF overexpression in skin of transgenic mice 
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* 

induces angiogenesis, vascularhyperpermeability and accelerated tumor development 
(Larcher, F., et al., Oncogene 1998 17:303-1 1). 

VEGF-B (cDNA sequences available on databases) is a mitogen for EC and may 
be involved in angiogenesis in muscle and heart (Olofsson, B., et al., 1996 Pfoc Natl 
5 Acad Sci U S A 93:2576-81 ). Shown in vitro, binding of VEGF-B to its receptor 
VEGFR-1 leads to increased expression and activity of urokinase type plasminogen 
activator and plasminogen activator inhibitor, suggesting a role for VEGF-B in the 
regulation of extracellular matrix degradation, cell adhesion, and migration (Olofsson, 
B., et al., 1998 Proc Natl Acad Sci U S A 95:1 1709-14). 

10 VEGF-C (see, e.g., U.S. Patent No. 5,916,763 and Shima et al. t supra) may 

regulate angiogenesis of lymphatic vasculature, as suggested by the pattern of VEGF-C 
expression in mouse embryos (Kukk, E., et al., 1996 Development 122: 3829-37). 
Although VEGF-C is also a ligand for VEGFR-2, the functional significance of this 
potential interaction is unknown. Overexpression of VEGF-C in the skin of transgenic 

15 mice resulted in lymphatic, but not vascular, endothelial proliferation and vessel 

enlargement, suggesting the major function of VEGF-C is through VEGFR-3 rather than 
VEGFR-2 (Jeltsch M, et al., 1997 Science 276:1423-5). Shown by the CAM assay, 
VEGF and VEGF-C are specific angiogenic and lymphangiogenic growth factors, 
respectively (Oh, S J., et al., (1997) Devel Biol. 188: 96-109). VEGF-C overexpression 

20 in the skin of transgenic mice resulted in lymphatic, but not vascular, endothelial 
proliferation and vessel enlargement (Jeltsch M, et al., 1997 Science 276:1423-5). 

VEGF-D (cDNA sequences available on databases) is a mitogen for EC. Given 
that VEGF-D can also activate VEGFR-3. it is possible that VEGF-D could be involved 
in the regulation of growth and/or differentiation of lymphatic endothelium (Achen, 

25 M.G., et al., 1998 Proc Natl Acad Sci U S A 95: 548-53). VEGF-D is induced by 
transcription factor c-Fos in mouse (Orlandini, M., 1996 PNAS 93: 1 1675-80). 

VEGFR-1 signaling pathway may regulate normal endothelial cell-cell or cell 
matrix interactions during vascular development, as suggested by the knockout study 
(Fong, G.H., et al., 1995 Nature 376: 65-69). Although VEGFR-1 has a higher affinity 

30 to VEGF than VEGFR-2, it does not transduce the mitogenic signals of VEGF in ECs 
(Soker, S„ et al.,1998 Cell 92: 735-745). VEGFR-2 (see, e.g., RSnicke et al., Patterson 
et al., Kappel et al. (1999), supra) appears to be the major transducer of VEGF signals in 
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EC that result in chemotaxis, mitogenicity and gross morphological changes in target 
cells (Soker, S., et al.,1998 Cell 92: 735-745). VEGFR-3 has an essential role in the 
development of the embryonic cardiovascular system before the emergence of lymphatic 
vessels, as shown by the knockout study (Dumont, D.J., et al., 1998 Science 282: 946- 
5 949). Neuropillin-l (see, e.g., Soker et al. (1 998) Cell 92:735-745) is a receptor for 
VEGF165. It can enhance the binding of VEGF165 to VEGFR-2 and VEGF165 
mediated chemotaxis (Soker, S., et al.,1998 Cell 92: 735-745). Neuropillin 1 
overexpression in transgenic mice resulted in embryonic lethality. The embryos 
possessed excess capillaries and blood vessels. Dilated vessels and hemorrhage were also 

10 observed (Kitsukawa, T M et al., 1995 Development 121: 4309-18). 

Further promoters of interest include, but are not limited to, the following. Ang2 
is expressed only at predominant vascular remodeling sites, such as ovary, placenta, 
uterus (Maisonpierre, P.C., et al., 1997 Science 277: 55-60). In glioblastoma 
angiogenesis, Ang2 is found to be expressed in endothelial cells of small blood vessel 

15 and capilaries while Angl is expressed in glioblastoma tumor cells (Stratmann, A., 1998 
Am J Pathol 153: 1459-66). Ang2 is up-regulated in bovine microvascular endothelial 
by VEGF, bFGF, cyrokines, hypoxia (Mandriota, S.J., 1998 Circ Res 83: 852-9). Ang2 
transgenic overexpression disrupts angiogenesis, and is embryonic lethal (Maisonpierre, 
P.C;, et al., 1997 Science 277: 55-60). Angl is widely expressed, less aboundant in heart 

20 and liver (Maisonpierre, P.C, et al., 1997 Science 277: 55-60). Angl is expressed in 
mesenchymal cells and may up-regulate the expression of Tie2 in the endothelial cells 
(Suri,C, et al., 1996 Cell 87: 1171-1 180). Angl overexpression in the skin of transgenic 
mice produces larger, more numerous, and more highly branched vessels (Suri, C, et al., 
Science 1998 282:468-71). Tie2 (see, e.g., Fadel et al.; Schlaeger et al. (1995), and 

25 Schlager et al. (1997), supra) is edothelial cell specific, up-regulated during wound 
healing, follicle maturation (Puri, M.C., et al, 1995 EMBO J 14: 5884-91) and 
pathologic angiogenesis (Kaipainen, A., 1994 Cancer Research 54: 6571-77), such as, 
glioblastoma (Stratmann, A., 1998 Am J Pathol 153: 1459-66). Tie2 is also expressed in 
non-proliferating adult endothelium and edothelial cell lines (Dumont, DJ., et al. (1994) 

30 Genes & Develop. 8: 1897-1909). A Tie2 activating mutation causes vascular 
dysmorphorgenesis (Vikkula M, et al., 1996 Cell 87: 1 181-1 190). Tie2 mutant 
overexpression in transgenic mice is embryonic lethal (Dumont, D.J., et al., supra). 
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Other promoters useful in the practice of the present invention include, by way of 
example, promoters derived from the sequences encoding the following polypeptide 
products: PTEN (dual specificity phosphatase); BAI (brain-specific angiogenesis 
inhibitor); KAI1 (KANGAI 1); catenin beta-1 (cadherin-associated protein, beta); COX2 
5 (PTGS2 cyclooxygenase 2, a.k.a. prostaglandin-endoperoxide synthase 2); MMP2 (72 
kDa Type IV-A collagenase); MMP9 (92 kDa type IV-B collagenase); TIMP2 (tissue 
inhibitor of metalloproteinase 2); and TIMP3 (tissue inhibitor of metalloproteinase 3). 

PTEN is a tumor suppressor gene and encodes a protein of 403 amino acids. (Li 
et al. (1997) Science 275:1943-1946; DiCristofano et ah (1998) Nature Genet. 19:348- 

10 355). Overexpression of PTEN has been shown to inhibit cell migration and it is 

postulated that this protein may function as a tumor suppressor by negatively regulating 
cell interactions with the extracellular matrix or by negatively regulating the 
PI3K/PKB/Akt signaling pathway. (Tamura et al. (1998) Science 280:1614-1617; 
Stambolic et al. (1998) Cell 95:29-29). Mutations in PTEN have been detected in cancer 

15 cell lines and in the germline of patients having Cowden disease, Lhermitte-Duclos 
disease and Bannayan-Zonana syndrome (diseases and syndromes which are 
characterized by hyperplastic/dysplastic changes in the prostate, skin and colon and 
which are associated with an increased risk of certain cancers, for example, breast 
cancer, prostate cancer and colon cancer). (Marsh et al. (1998) Hum. Molec. Genet. 

20 7:507-515; Marsh et al. (1998) J. Med Genet 35:881-885; Nelen et al. (1997) Hum. 
Molec. Genet. 6:1383-1387). 

BAI1 protein is predicted to be 1 ,584 amino acids in length and includes an 
extracellular domain, an intracellular domain and a 7-span transmembrane region similar 
to that of the secretin receptor. (Nishimori et al. (199?) Oncogene 15:245-2150). The 

25 extracellular region of BAI 1 has a single Arg-Gly-Asp (RGD) motif recognized by 
integrins and also has five sequences corresponding to the thrombospondin type I 
(accession number 188060) repeats that can inhibit angiogenesis includes by basic 
fibroblast growth factor (bFGF, accession number 134920). Shiratsuchi et al. (1997) 
Cytogenet. Cell Genet. 79:103-108, cloned 2 other brain-specific angiogenesis inhibiting 

30 genes, designated BAI2 (accession number 602683) and BAI 3 (accession number 
602684). Thus, it is postulated that members of this gene family may play a role in 
suppression of glioblastoma. 
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KAI1 encodes a 267 amino acid protein which is a member of the leukocyte 
surface glyoprotein family. The protein has 4 hydrophobobic transmembrane domains 
and 1 large extracellular hydrophilic domain with three potential N-glycosylation sites. 
(Dong et al. (1995) Science 268:884-886). Molecular analysis of KAI1 is described, fqr 
5 example, in Dong et al. (1997) Genomics 41 :25-32. KAI1 is a tumor metastasis 
suppressor gene that is capable of inhibiting the metastatic process in experimental 
animals. Expression of KAI1 is downregulated during tumor progression of prostate, 
breast, lung, bladder and pancreatic cancers in humans, apparently at the transcriptional 
or postranscriptional level. Mashimo et al. (1998) PNAS USA 95:1 1307-1 13 1 1, found 
10 that the tumor suppressor gene p53 can directly inactivate the KAI1 gene by interacting 
with the region 5' to the coding sequence, suggesting a direct relationship between p53 
and KAIL 

Catenin beta-1 is an adherens junction (AJ) protein, which are critical for 
establishing and maintaining epithelial cell layers, for instance during embryogenesis, 

15 wound healing and tumor cell metastasis. Molecular analysis, including description of 
sequence homology to plakoglobin (accession number 173325), homology to the 
drosophila gene "armadillo" and interactions with Lef 1/Tcf DNA binding proteins, is 
described, for example, in Nollet et al. (1996) Genomics 32:413-424; McCrea et al. 
(1991) Science 254:1359-1361 and Korinek et ai. (1997) Science 275:1784-1787. In 

20 addition, studies by Korinek et al., supra and Morin et al.(l 997) Science 275: 1787-1 790, 
have indicated that APC (accession number 175100) negatively regulates catenin beta 
and that regulation of this protein is critical to the tumor suppressive effect of APC. 
Abnormally high levels of beta-catenin have been detected in certain human melanoma 
cell lines. (Rubinfeld et al. (1997) Science 275:1790-1792. Koch et al. (1999) Cancer 

25 Res. 59:269-273 report that childhood hepatoblastomas frequently carry a mutated 
degradation targeting box of the beta-catenin gene. Transgenic mice which express 
catenin beta under the control of an epidermal promoter undergo de novo hair 
morphogenesis and eventually these animals develop two types of tumors — epithelioid 
cysts and trichofolliculomas. Gat et al. (1998) Cell 95:605-614. 

30 COX2 encodes a cyclooxygenase and is a key regulator of prostaglandin 

synthesis. (Hla et al. (1992) PNAS USA 89:7384-7388; Jones et al. (1993) 7. Biol Chem. 
268:9049-9054). In particular, COX2 is generally considered to be a mediator of 
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inflammation and overexpression of COX2 in rat epithelial cells results in elevated levels 
of E-cadherin and Bcl2. (Tsujii & DuBois (1995) Cell 83:493-501). In co-cultures of 
endothelial cells and colon carcinoma cells, cells that overexpress COX2 produce 
prostaglandins, proangiogenic factors and stimulate both endothelial migration and tube 

5 formation. (Tsujii et al. (1998) Cell 93:705-716). Experiments conducted using APC 
knock-out mice have demonstrated that animals homozygous for a disrupted COX2 locus 
develop significantly more adenomatous polyps. (Oshima et al. (1996) Cell 87:803-809). 
COX-2 "knock out" mice develop severe nephropathy, are susceptible to peritonitis, 
exhibit reduced arachidonic acid-induced inflammation and exhibit reduced 

10 indomethacin-induced gastric ulceration. (Morham et al. (1995) Cell 83:473-482; 
Langenbach et al. (1995) Cell 83:483-492). Female mice that are deficient in 
cyclooxygenase 2 exhibit multiple reproductive failures. (Urn et al. (1997) Cell 9 1 :197- 
208. 

MMP2 is a metalloproteinase that specifically cleaves type IV collagen. A C- 

15 terminal fragment of MMP2, termed PEX, prevents normal biding to alpha- V/beta-3 and 
disrupts angiogenesis and tumor growth. (Brooks et al. (1998) Cell 92:391-400). 

MMP9 is a collagenase secreted from normal skin fibroblasts. MMP9 null mice 
exhibit an abnormal pattern of skeletal growth plate vascularization and ossification. 
(Vu et al. (1998) Cell 93:41 1-422). 

20 TIMP2 is a collagenase and appears to play a major role in modulating the 

activity of interstitial collagenase and a number of connective tissue 
metalloendoproteases. (Stetler-Stevenson et al. (1989) 7. Biol Ghent 264:17372-17378). 
Unlike TIMP1 and TIMP3, ITMP2 is not upregulated by TPA or TGF-beta. (Hammani 
et al. (1996) 7. Biol. Chenu 27 1 :25498-25505). 

25 TIMP3 (Wilde et al. ( 1 994) DNA Cell Biol 1 3:7 1 1 -7 1 8) is localized in the 

extracellular matrix in both its glycosylated and unglycosylated forms. Studies of mutant 
TIMP3 proteins have demonstrated that C-terminal trunctions do not bind to the 
extracellular matrix. (Langton et al. (1998)7. Biol Chem. 273:16778-16781). 

As one of skill in the art will appreciate in view of the teachings of the present 

30 specification, promoter sequences can be easily derived and isolated from known 

polypeptide sequences or from cDNA or genomic sequences, using method known in the 
art in view of the teachings herein. An exemplary method of isolating promoter 
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sequences using cDNA is via a GenomeWalker® kit, commercially available from 
Clontech (Palo Alto, CA), and described on page 27 of the 1997-1998 Clontech catalog. 

Targeting Sequences: Non-Essential Genes 
5 Central to the present invention is the fact that the targeting constructs contain 

"targeting" sequences (flanking, for example, the light generating protein-encoding 
sequence and promoter) derived from a single-copy, non-essential gene. These targeting 
sequences in the construct act via homologous recombination to replace at least a portion 
of the non-essential gene in the genome with the light-generating protein-encoding (e.g., 

10 luciferase-encoding) sequence operably linked to a promoter. 

Non-limiting examples of targeting sequences for use in generating transgenic 
mice include sequences obtained from or derived from vitronectin, Fos B and galactin 3. 
A search of Mouse Knockout & Mutation Database (Genome Systems, Inc., St, Louis, 
MO) can be used to identify genes that have been knocked-out in mice where the 

15 generated knockout mice displayed no obvious defects. The chromosomal locus for all 
these genes can be used to target promoter-(light generating protein, e.g., luciferase) 
transgenes similar to what is described in Example 2. Single-copy, non-essential mouse 
genes identified in this manner include, but are not limited to, the following: Moesin 
(Msn), Doi Y., et al., J Biol Chem 1999, 274:2315-2321; Plasminogen activator 

20 inhibitor, type II (Planh2) and Planhl , Dougherty K.M., Proc Natl Acad Sci USA 1 999, 
96:686-691 ; Protein tyrosine phosphatase, receptor type, B (Ptprb), Elchebly et al. 
(1999) Science 283:1544-1548; Presenilin 1 (Psenl), Guo Q, et al. (1999) Proc Natl 
Acad Sci USA, 96:4125-4130; Protein kinase, mitogen-activated 9 (Prkm9) / 
SAPK/Erk/kinase 2 (Serk2), Kuan CY et al. (1999) Neuron 4:667-676; CD152 antigen 

25 (Cdl52) / CD86 antigen (Cd86) / CD80 antigen (Cd80), Mandelbrot DA, et al. (1999) J 
Exp Med, 189:435-440; Poly (ADP-ribose) polymerase (Adprp), Masutani M, et ah 
(1999), Proc Natl Acad Sci USA 96:2301-2304; Sodium channel, nonvoltage-gated 1 
beta (Scnnlb), Pradervand S, et al. (1999) Proc Natl Acad Sci USA 96: 1732-1737; 
Nuclear receptor coactivator 1 (Ncoal), Qi C, et al. (1 999) Proc Natl Acad Sci USA 

30 96:1585-1590; Decay accelerating factor 1 (Dafl), Sun X, et al. (1999) Proc Natl Acad 
Sci USA 1999, 96:628-633; Necdin (Ndn), Tsai TF, et al. (1999) Nat Genet 22:15-16; 
Relaxin (Rln); Zhao L, et al. (1999) Endocrinology 140:445-453; Adenylyl cyclase 8 
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(Adcy8), Abdel-Majid RM, et al. (1998) Nat Genet 19:289-291; Leukemia inhibitory 
factor (Lif), Bugga L, et al. (1998) J Neurobiol 36:509-524; Lectin, galactose binding, 
soluble 3 (Lgals3) and Lgalsl , Calnot C, et al. (1998) Dev Dyn 2 1 1 :306-31 3; Urokinase 
plasminogen activator receptor (Plaur) Carmeliet P, et al. (1998) J Cell Biol 140:233- 
5 245; Nitric oxide synthase 1 , neuronal (Nosl), Chao DS, et al. (1998) J Neurochem 
71 :784-789; Homeo box A7 (Hoxa7), Chen F, et al. (1998) Mech Dev 77:49-57; 
Myosin light chain, phosphorylatable, cardiac ventricles (Mylpc) Chen J, et al. (1998) J 
Biol Chem 273: 1 252-1256; Homeo box B7 (Hoxb7),Chen F, et al. (1998) Mech Dev 
77:49-57; Nuclear factor of kappa light chain gene enhancer in B-cells inhibitor, alpha 

10 and beta (Nfkbia and Nfkbib), Cheng JD, et al. (1998) J Exp Med 6:1055-1062; Enolase 
1, alpha non-neuron (Enol), Couldrey C, et al. (1998) Dev Dyn 212:284-292; 
Xeroderma pigmentosum, complimentation group A (Xpa), De Vries A, et al. (1998) 
Exp Eye Res 1998, 67:53-59; Von Willebrand factor homolog (Vwf), Denis C, et al. 
(1998) Proc Natl Acad Sci USA 95:9524-9529; Lysosomal acid lipase 1 (Lipl), Du H, et 

15 al. (1998) Hum Mol Genet 7: 1 347-1 354; UNC-5 homolog (C. elegans) 3 (Unc5h3), 
Eisenman LM, et al. (1998) J Comp Neurol 394:106-1 17; Protein phosphatase 1 , 
regulatory (inhibitor) subunit IB (Ppplrlb), Fienberg AA, et al. (1998) Science 
281 :838-842; Myelin-associated glycoprotein (Mag) Fujita N, et al. (1998) J Neurosci 
18: 1970-1978; Paraoxonase 1 (Ponl), Furlong CE, et al. (1998) Neurotoxicology 

20 19:645-650; Brain derived neurotrophic factor (Bdnf), Garek RR, et al. (1998) 
Laryngoscope 108:67 1-678; Neurotrophin 3 (Ntf3), Garek RR, et al. (1 998) 
Laryngoscope 168:67i-678; Myoglobin (Mb); Garry DJ, et al. (1998) Nature 395:905- 
908; Opioid receptor, mu (Oprm), Gaveriaux-Ruff C, et al. (1998) Proc Natl Acad Sci 
USA 95:6326-6330; Neuropeptide Y (Npy), Hollopeter G, et al. (1998) Int J Obes Relat 

25 Metab Disord 22:506-512; Procollagen, type I, alpha 1 (Colal) Hormuzdi SG, et al. 
(1998) Mol Cell Biol 18:3368-3375; Centromere autoantigen B (Cenpb), Hudson DF, et 
al. (1998) J Cell Biol 141:309-319; Oculocerebrorenal syndrome of Lowe (ocrl), Janne 
PA, et al. (1998) J Clin Invest 101:2042-2053; arachidonate 12-lipoxygenase (Aloxl2) 
Johnson EN, et al. (1998) Proc Natl Acad Sci USA 95:3100-3105; H19 fetal liver 

30 mRNA (H19), Jones BK, et al. (1998) Genes Dev 12:2200-2207; Hepatocyte nuclear 
factor 3 gamma (winged helix transcription factor) (Hnf3g), Kaestner KH, et al. (1998) 
Mol Cell Biol 18:4245-4251 ; Bone morphogenetic protein 2 (Bmp2) / Bone 
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morphogenetic protein 7 (Bmp7) and Bmp5, Katagiri T, et al. (1998) Dev Genet 22:340- 
348; Intercellular adhesion molecule (Icaml), Ley K, et al. (1998) Circ Res 83:287-294; 
Glutamyl aminopeptidase (Enpep), Lin Q, et al. J Immunol 1998, 160:4681-4687; Prion 
protein (Pmp), Lipp HP, et al. Behav Brain Res 1998, 95:47-54; RAB3A, member RAS 
5 oncogene family (Rab3a), Lonart G, et al. Neuron 1998, 21:1 141-1 150; Potassium 
voltage gated channel, shaker related subfamily, member 4 (Kcna4), London B, et al., J 
Physiol (Lond) 1998, 509:171-182; Apurinic/apyrimidinic endonuclease (Apex), 
Ludwig DL, et al. Mutat Res 1998, 409:17-29; T-cell receptor gamma, variable 5 (Tcrg- 
V5), Mallick-Wood CA, et al. Science 1998, 279: 1 729-1733; Nuclear, factor, erythroid 

10 derived 2, like 2 (Nfe212), Martin F, et al. Blood 1998, 91:3459-3466; Interleukin 13 
Gil 3), McKenzie GJ, et al. Curr Biol 1998, 8:339-340; Sorbitol dehydrogenase 1 (Sdhl), 
Ng T, et al. Diabetes 1998, 47:961-966; Guanine nucleotide binding protein, alpha 1 1 
(Gnal 1 ), Offermanns S, et al. EMBO J 1 998, 17:4304-43 1 2; Estrogen receptor alpha 
(Estra), Ogawa S, et al. Endocrinology 1998, 139:5070-5081; Integrin beta 2 (Itgb2), 

15 Intracellular adhesion molecule (Icaml) and CD34 antigen, Oliveira-dos-Santos AJ, et 
al. Eur J Immunol 1998, 28:2882-2892; Angiotensin receptor lb (Agtrlb), Oliverio MI, 
et al. Proc Natl Acad Sci USA 1998, 95:15496-15501; Complement factor B (factor B), 
Pekna M, et al. Scand J Immunol 1998, 47:375-380; Centromere autoantigen B (Cenpb), 
Perez-Castro AV, et al. Dev Biol 1998, 201:135-143; Procollagen, type V, alpha 2 

20 (Col5a2) / Fibrillin 1 (Fbnl), Phelps RG, et al. Mol Med 1998, 4:356-360; Plasminigen 
activator inhibitor, type 1 (Planhl), Pinsky DJ, et al. J Clin Invest 1998, 102:919-928, 
Carmeliet P, et al. J Clin Invest 1993, 92:2756-2760; Placentae and embryos oncofetal 
gene (Pem), Pitman JL, et al. Dev Biol 1998, 202:196-214; Postmeiotic segregation 
increased 1 (S. cerevisiae) (Pmsl), Prolla TA, et al. Nat Genet 1998, 18:276-278; Prion 

25 protein, structural locus (Pm-p), Prusiner SB, et al. Proc Natl Acad Sci USA 1998, 
90:10608-10612, Lledo P-M, et al. Proc Natl Acad Sci U S A 1996, 93:2403-2407, 
Sailer A, et al. Cell 1994, 77:967-968, Weissmann C, et al. Philos Trans R Soc Lond 
[Biol] 1994, 343:431-^33, BuelerH, et al. Cell 1993, 73:1337-1347, Weissmann C, et 
al. Intervirology 1993, 35:164-175; NAD (P)H:quinone oxidoreductase, Radjendirane V, 

30 et al. J Biol Chem 1998, 273:7382-7389; Alpha tropomyosin (Tpm 1 ), Rethinasamy P, et 
al. Circ Res 1998, 82:1 16-123; Goosecoid and Goosecoid-like (Gscl), Wakamiya M, et 
al. Hum Mol Genet 1998, 7:1835-1840, Saint-Pore B, et al. Hum Mol Genet 1998, 
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7:1841-1849; Schlafen 1 (Slfnl); Schwarz DA, et al. Immunity 1998, 9:657-668; 
Nuclear factor, erythroid derived 2, ubiquitous (Mafk), Shavit JA, et al. Genes Dev 1998, 
12:2164-2174; Microphthalmia-associated transcription factor (Mitf), Smith SB, et al. 
Exp Eye Res 1998, 66:403-410; Bone morphogenetic protein 6 (Bmp6), Solloway MJ, et 
5 al. Dev Genet 1998, 22:321-339; Phosphatidylinositol glycan, class A (Piga), Takahama 
Y, et al. Eur J Immunol 1998, 28:2159-2166; Paired-related homeobox 2 (Prx2), Berge 
D, et al. Development 1998, 125:3831-3842; Prostaglandin E receptor EP1 subtype 
(Ptgerepl), Ushikubi F, et al. Nature 1998, 395:281-284; Immunoglobulin kappa chain 
complex (Igk), van der Stoep N, et al. Immunity 1998, 8:743-750; Adenine 

10 phosphoribosyl transferase (Aprt), Van Sloun PP, et al. Nucleic Acids Res 1998, 
26:4888-4894; Microtubule associated protein 4 (Mtap4), Voss AK, et al. Dev Dyn 
1998, 212:258-266; ; 3-hydroxy-3-methylglutaryl-coenzyme A lyase (Hmgcl), Wang 
SP, et al. Hum Mol Genet 1998, 7:2057-2062; Fibroblast growth factor receptor 4 
(Fgfr4), Weinstein M, et al. Development 1998, 125:3615-3623; Hepsin (Hpn), Wu Q, 

15 et al. J Clin Invest 1 998, 101 :32 1-326; Small inducible cytokine Al 1 (Scyal 1), Yang T, 
et al. Blood 1998, 92:3912-3923; Small nuclear ribonucleoprotein N (Snrpn), Yang T, et 
al. Nat Genet 1998, 19:25-31 ; DNA fragmentation factor, alpha subunit (Dffa), Zhang J, 
et al. Proc Natl Acad Sci USA 1998, 95:12480-12485; Early growth response 1 (Egrl), 
Zheng D, et al. Neuroscience 1998, 83:251-258; Early growth response 1 (Egrl) / 

20 Hormone receptor (Hmr), Zheng D, et al. Neuroscience 1 998, 83:25 1 -258; 

Hemochromatosis (Hfe),Zhou XY, et al. Proc Natl Acad Sci USA 1998, 95:2492-2497; 
Alpha tropomyosin (Tpml), Blanchard EM, et al. Circ Res 1997, 81:1005-1010; tRNA 
phosphoserine (Trsp), Bosl MR, et al. Proc Natl Acad Sci U S A 1997, 94:5531-5534; 
Angiotensin receptor lb (Agtrlb), Chen X, et al. Am J Physiol 1997, 272:F299-F304; 

25 Xeroderma pigmentosum, complementation group C (Xpc), Cheo DL, et al. Mut Res 
1997, 374:1-9; B cell leukemia/lymphoma 6 (Bcl6), Dent AL, et al. Science 1997, 
276:589-592; Fumarylacetoacetate hydrolase (Fah) / 4-hydroxyphenylpyruvic acid 
dioxygenase (Hpd), Endo F, et al. J Biol Chem 1997, 272:24426-24432; N- 
methylpurine-DNA glycosylase (Mpg), Engelward BP, et al. Proc Natl Acad Sci USA 

30 1997, 94:13087-13092; Interleukin 1 receptor, type 1 (Illrl), Glaccum MB, et al. J 
Immunol 1997, 159:3364-3371; N-methylpurine-DNA glycosylase (Mpg), Hang B, et 
al.Proc Natl Acad Sci USA 1997, 94:12869-12874; Gamma-aminobutyric acid (GABA- 
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A) receptor, subunit alpha 6 (Gabra6), Homanics GE, et al. Mol Pharmacol 1997, 
5 1 :588-596; Superoxide dismutase 2, mitochondrial (Sod2), Huang TT, et al. Arch 
Biochem Biophys 1997, 344:424-432; Interleukin 11 receptor, alpha chain 1 (111 Ira 1), 
Nandurjar HH, et al. Blood 1997, 90:2148-2159; Alkaline phosphatase 5 (Akp5), 
5 Narisawa S, et al. Dev Dyn 1 997, 208:432-446; GATA-binding protein 4 (Gata4), Narita 
N, et al. Development 1997, 124:3755-3764; Lymphocyte protein tyrosine kinase (Lck) / 
Fyn protooncogene (Fyn); Page ST, et al. Eur J Immunol 1997, 27:554-562; P 
glycoprotein 3 (Pgy3), Schinkel AH, et al. Proc Natl Acad Sci U S A 1997, 94:4028- 
4033; P glycoprotein 1 (Pgyl) / P glycoprotein 3 (Pgy3), Schinkel AH, et al., Proc Natl 

10 Acad Sci U S A 1997, 94:4028-4033; Creatine kinase, mitochondrial 1, ubiquitous 
(Ckmtl), Steeghs K, et al. J Neurosci Methods 1997, 71:29-41; T cell receptor gamma, 
variable 4 (Tcrg-V4), Sunaga S, et al. J Immunol 1997, 158:4223-4228; la-associated 
invariant chain (p31 form) (Ii), Takaesu NT, et al. J Immunol 1997, 158:187-199; Solute 
carrier family 18 (vesicular monoamine), member 2 (Slcl8a2), Takahashi N, et al. Proc 

15 Natl Acad Sci USA 1997, 94:9938-9943; Matrix metalloproteinase 7 (Mmp7), Wilson 
CL, et al. Proc Natl Acad Sci U S A 1997, 94:1402-1407; Formin (Fmn),Wynshaw- 
Boris A, et al. Mol Med 1997, 3:372-384; Sypnaptophysin (Syp), Arrandale JM, et al. J 
Biol Chem 1996, 271:21353-21358; Transformation related protein 53 (Trp53), Boehme 
SA, et al. J Immunol 1996, 156:4075-4078; Neuronal nitric oxide synthase (Nosl), 

20 Burnett AL, et al. Mol Medicine 1996, 2:288-296; Eph receptor A2 (Epha2), Chen J, et 
al. Oncogene 1996, 12:979-988; Urokinase plasminogen activator receptor (Plaur); 
Dewerchin M, et al. J Clin Invest 1996, 97:870-878; Growth differentiation factor 9 
(Gdf9), Dong J, et al. Nature 1996, 383:53 1-535; Externally regulated phosphatase 
(Ptpnl6), Dorfman K, et al. Oncogene 1996, 13:925-931 ; Tenascin C (Tnc), Forsberg E, 

25 et al. Proc Natl Acad Sci U S A 1996, 93:6594-6599; Integrin alpha 1 (Itgal ), Gardner 
H, et al. Dev Biol 1996, 175:301-313; FBJ osteosarcoma oncogene B (Fosb), Gruda 
MC, et al. Oncogene 1996, 12:2177-2185; Breast cancer 1 (Brcal), Hakem R, et al. Cell 
1996, 85:1009-1023; Megakaryocyte-associated tyrosine kinase (Matk), Hamaguchi I, et 
al. Biochem Biophys Res Commun 1996, 224:172-179; Apolipoprotein B editing 

30 complex 1 (Apobecl), Hirano K-I, et al. J Biol Chem 1996, 271 :9887-9890; Carboxyl 
ester lipase, Howies PN, et al. J. Biol. Chem. 1996, 271 :7 196-7202; Nuclear factor, 
erythroid derived 2, ubiquitous (Nfe2u), Kotkow KJ, Orkin SH. Proc Natl Acad Sci U S 
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A 1996, 93:3514-3518; Retinoid X receptor gamma (Rxrg), Krezel W, et al. Proc Natl 
Acad Sci U S A 1996, 93:9010-9014; Early growth response 1 (Egrl), Lee SL, et al. 
Mol Cell Biol 1996, 16:4566-4572; Adrenergic receptor, alpha 2b (Adra2b), Link RE, et 
al. Science 1996, 273:803-805; Angiotensin receptor la (Agtrla), Matsusaka T, et al. J 
5 Clini Invest 1996, 98: 1 867-1877; Interleukin 3 receptor, beta chain 1 (B3rb2), Nicola 
NA, et al. Blood 1996, 87:2665-2674; Transformation related protein 53 (Trp53), 
Ohashi M, et al. Jpn J Cancer Res 1996, 87:696-701; Leukemia-associated gene (Lag), 
Schubart U K, et al. J Biol Chem 1996, 271 : 14062-14066; Glutathione peroxidase 1 
(Gpxl), Spector A, et al. Exp Eye Res 1996, 62:521-540; Arachidonate 12- 

10 lipoxygenase, leukocyte (Aloxl21), Sun D, Funk CD. J Biol Chem 1 996, 271 :24055- 
24062; Complement component 3 (C3), Sylvestre D, et al. J Exp Med 1996, 184:2385- 
2392; CD30 antigen (Cd30), Texido G, et al. Eur J Immunol 1996, 26:1966-1969; Fc 
receptor, IgE, low affinity II, alpha polypeptide (Fcer2a), Immunoglobulin heavy chain 5 
(delta-like heavy chain) (Igh-5), Interleukin 4 (TL4) and Terminal-deoxynucleotidyl 

15 transferase, Texido G, et al. Eur J Immunol 1996, 26: 1966-1 969; Apolipoprotein A-II 
(Apoa2), Weng W, Breslow JL. Proc Natl Acad Sci U S A 1996, 93:14788-14794; 
Amyloid beta (A4) precursor protein (App), Zheng H, et al. Ann N Y Acad Sci 1996, 
777:421-426; cAMP responsive element binding protein 1 (Crebl), Blendy JA, et al. 
Brain Res 1995, 681 :8— 14; Bradykinin receptor, beta 2 (Bdkrb2), Borkowski JA, et al. J 

20 Biol Chem 1995, 270:13706-13710; Growth factor response protein (Gfrp), Crawford 
PA, et al. Mol Cell Biol 1995, 15:4331-4336; Ciliary neurotrophic factor (Cntf), de 
Chiara TM, et al. Cell 1995, 83:313-322; Cyclin dependent kinase inhibitor 1 A (P21) 
(Cdknla); Deng C, et al. Cell 1995, 82:675-684; Granzyme A (Gzma), Ebnet K, et al. 
EMBO J 1995, 14:4230-4239; Very low density lipoprotein receptor (Vldlr), Frykman 

25 PK, et al. Proc Natl Acad Sci U S A 1 995, 92:8453-8457; Apolipoprotein E (Apoe) / 
Apolipoprotein A-I (Apoal), Goodrum JF, et al. J Neurobiol 1 995, 64:408-41 6; Nitric 
oxide synthase 1, neuronal (Nosl), Ichinose F, et al. Anesthesiology 1995, 83: 101-108; 
Nitric oxide synthase 2, inducible, macrophage (Nos2), Laubach VE, et al. Proc Natl 
Acad Sci U S A 1995, 92:10688-10692; Peroxisome proliferator activated receptor alpha 

30 (Ppara), Lee SS-T, et al. Mol Cell Biol 1995, 15:3012-3022; Growth factor response 
protein (Gfrp), Lee SL, et al. Science 1995, 269:532-535; H19 fetal liver mRNA (H19) / 
Insulin-like growth factor 2 (Igf2), Leighton PA, et al. Nature 1995, 375:34-39; Retinoic 
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acid receptor beta (RAR-beta), Luo J, et al. Mech Dev 1995, 53:61-71; Metallothionein 
1 (Mtl) / Metallothionein 2 (Mt2), Philcox JC, et al. Biochem J 1995, 308:543-546; 
Heme oxygenase (decycling) 2 (Hmox2), Poss KD, et al. Neuron 1995, 15:867-873; Hl- 
0 histone (Hlfv), Sirotkin AM, et al. Proc Natl Acad Sci U S A 1995, 92:6434-6438; 
5 Creatine kinase, mitochondrial 1, ubiquitous (Ckmtl), Steeghs K, et al. Biochim Biophys 
Acta 1995, 1230:130-138; Tenascin C (Tnc), Steindler DA, et al. J Neurosci 1995, 
15:1971-1983; la-associated invariant chain (Ii), Takaesu NT, et al. Immunity 1995, 
3:385-396; Neuroblastoma ras oncogene (Nras), Umanoff H, et al. Proc Natl Acad Sci 
USA 1995, 92:1709-1713; Receptor-associated protein of the synapse, 43 kDa (Rapsn), 

10 Willnow TE, et al. Proc Natl Acad Sci USA 1995, 92:4537-4541 ; Vitronectin (Vtn), 
Zheng X, et al. Proc Natl Acad Sci U S A 1995, 92:12426-12430; Preproacrosin (Acr), 
Baba T, et al. J Biol Chem 1994, 269:31845-31849; Vimentin (Vim), Colucci GE, et al. 
Cell 1994, 79:679-694; Tumor necrosis factor receptor superfamily, member lb 
(Tnfrsflb), Erickson SL, et al. Nature 1994, 372:560-563; Cellular retinoic acid binding 

15 protein I (Crabpl), Gorry P, et al. Proc Natl Acad Sci USA 1994, 91 :9032-9036; cAMP 
responsive element binding protein 1 (Crebl), Hummler F, et al. Proc Natl Acad Sci 
USA 1994, 91:5647-5651; Pore forming protein (Pfp), Kagi D, et al. Nature 1994, 
369:31-37; Src-related kinase lacking C-terminal regulatory tyrosine and N-terminal 
myristylation sit (Srms), Kohmura N, et al. Mol Cell Biol 1994, 14:6915-6925; CD3 

20 polypeptide zeta (Cd3z) / Solute carrier family 22, member 1 (Slc22al), Koyasu S, et al. 
EMBO J 1994, 13:784-797; Pore forming protein (Pfp), Lowin B, et al. Proc Natl Acad 
Sci USA 1994, 91:1 1571-1 1575; Retinoic acid receptor, beta (Rarb), Retinoic acid 
receptor beta2 (RARbeta2), Mendelsohn C, et al. Dev Biol 1994, 166:246-258; 
Transthyretin (Ttr), Palha JA, et al. J Biol Chem 1994, 269:33135-33139; Procollagen, 

25 type X, alpha 1 (CollOal), Rosati R, et al. Nature Genet 1994, 8: 129-135; P 

glycoprotein 3 (Pgy3), Schinkel AH, et al. Cell 1994, 77:491-502; Yamaguchi sarcoma 
viral (v-yes) oncogene homolog (Yes), Stein PL, et al. Genes Dev 1994, 8: 1999-2007; 
Fc receptor, IgE, high affinity II, alpha polypeptide (Fcer2a), Stief A, et al. J Immunol 
1994, 152:3378-3390; Pore forming protein (Pfp), Walsh CM, et al. Proc Natl Acad Sci 

30 USA 1 994, 91 : 10854-1 0858; CD2 antigen (Cd2), Evans CF, et al. J Immunol 1993, 
151 :6259-6264; Mannose-6-phosphate receptor, cation dependent (M6pr), Koster A, et 
al. EMBO J 1 993, 1 2:52 1 9-5223; Retinoic acid receptor, alpha (Rara), Li E, et al. Proc 
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Natl Acad Sci USA 1993, 90:1590-1594, Lufkin T, et ah Proc Natl Acad Sci USA 1993, 
90:7225-7229; Retinoic acid receptor, gamma (Rarg), Lohnes D, et al. Cell 1993, 
73:643-658; Tumor necrosis factor receptor 1 (TNF-R-1) (Tnfrl), Pfeffer K, et al. Cell 
1993, 73:457-467; Lectin, galactose binding, soluble 1 (Lgalsl), Poirier F, Robertson ET. 
5 Development 1993, 1 19:1229-1236; Synapsin I (Synl), Rosahl TW, et al. Cell 1993, 
75:661-670; Tumor necrosis factor receptor 1 (Tnfrl), Rothe J, et al. Nature 1993, 
364:798-802; Beta-2 microglobulin (B2m), Correa I, et al. Proc Natl Acad Sci USA 
1992, 89:653-657; CD2 antigen (Cd2), Killeen N, et al. EMBO J 1992, 1 1:4329-4336; 
Apolipoprotein E (Apoe), Piedrahita JA, et al. Proc Natl Acad Sci USA 1992, 89:4471- 

10 4475; Myogenic differentiation 1 (Myodl), Rudnicki MA, et al. Cell 1992, 71 :383-390; . 
Tenascin C (Tnc), Saga Y, et al. Genes Dev 1992, 6:1821-1831; Beta-2 microglobulin 
(B2m), Sanjuan N, et al. J Virol 1992, 66:4587-4590; Neuroblastoma myc-related 
oncogene 1 (Nmycl), Stanton BR, et al. Genes Dev 1992, 6:2235-2247; and 
Hemoglobin alpha chain complex (Hba), Popp RA, et al. Genetics 1983, 105: 157-167. 

15 Some preferred single-copy, non-essential genes with no phenotypes of the 

present invention include, but are not limited to, the following: Moesin (Msn), Doi Y., et 
al., J Biol Chem 1999, 274:2315-2321; Plasminogen activator inhibitor, type II (Planh2) 
and Planhl, Dougherty K.M., Proc Natl Acad Sci USA 1999, 96:686-691; Nuclear 
receptor coactivator 1 (Ncoal), Qi C, et al. (1999) Proc Natl Acad Sci USA 96:1585- 

20 1590; Nuclear factor of kappa light chain gene enhancer in B-cells inhibitor, alpha and 
beta (Nfkbia and Nfkbib), Cheng JD, et al. (1998) J Exp Med 6:1055-1062; H19 fetal 
liver mRNA (HI 9), Jones BK, et al. (1998) Genes Dev 12:2200-2207; Prion protein 
(Prnp), Lipp HP, et al. Behav Brain Res 1998, 95:47-54; Centromere autoantigen B 
(Cenpb), Perez-Castro AV, et al. Dev Biol 1 998, 201 : 1 35-143; Placentae and embryos 

25 oncofetal gene (Pem), Pitman JL, et al. Dev Biol 1 998, 202: 1 96-2 1 4; Externally 
regulated phosphatase (Ptpnl6), Dorfman K, et al. Oncogene 1996, 13:925-931; 
Transformation related protein 53 (Trp53), Ohashi M, et al. Jpn J Cancer Res 1996, 
87:696-701 ; Hl-0 histone (Hlfv), Sirotkin AM, et al. Proc Natl Acad Sci U S A 1995, 
92:6434-6438; Creatine kinase, mitochondrial 1, ubiquitous (Ckmtl), Steeghs K, et al. 

30 Biochim Biophys Acta 1995, 1 230: 1 30-1 38; Neuroblastoma ras oncogene (Nras), 
Umanoff H, et al. Proc Natl Acad Sci USA 1995, 92: 1709-1713; Vitronectin (Vtn), 
Zheng X, et al. Proc Natl Acad Sci U S A 1995, 92:12426-12430; Vimentin (Vim), 
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Colucci GE, et al. Cell 1994, 79:679-694; Cellular retinoic acid binding protein I 
(Crabpl), Gorry P, et al. Proc Natl Acad Sci USA 1994, 91:9032-9036; Retinoic acid 
receptor beta2 (RARbeta2), Mendelsohn C, et al. Dev Biol 1994, 166:246-258; Retinoic 
acid receptor, alpha (Rara), Li E, et al. Proc Natl Acad Sci USA 1993, 90:1590-1594, 

5 Lxrfkin T, et al. Proc Natl Acad Sci USA 1993, 90:7225-7229; Lectin, galactose binding, 
soluble 1 (Lgalsl), Poirier F, Robertson EJ. Development 1993, 1 19:1229-1236; 
Myogenic differentiation 1 (Myodl), Rudnicki MA, et al. Cell 1992, 71 :383-390; and 
Tenascin C (Tnc), Saga Y, et al. Genes Dev 1992, 6:1821^1831. 

In view of the guidance of the present specification, one of ordinary skill in the 

10 art can select similar, suitable, single-copy, non-essential genes in mice and other cell 
types/organisms. 

Assembly of Targeting Cassettes 

The targeting cassettes described herein can be constructed utilizing 

15 methodologies known in the art of molecular biology (see, for example, Ausubel or 

Maniatis) in view of the teachings of the specification. As described above, the targeting 
constructs are assembled by inserting, into a suitable vector backbone, polynuclotides 
encoding a reporter, such as a light-generating protein, e.g., a luciferase gene, operably 
linked to a promoter of interest; a sequence encoding a positive selection marker; and, 

20 optionally a sequence encoding a negative selection marker. In addition, the targeting 
cassette contains insertion sites such that sequences targeting a single-copy, non-essential 
gene can be readily inserted to flank the sequence encoding positive selection marker and 
luciferase-encoding sequence. 

A preferred method of obtaining polynucleotides, suitable regulatory sequences 

25 (e.g., promoters) is PCR. General procedures for PCR as taught in MacPherson et ah, 
PCR: A Practical Approach, (IRL Press at Oxford University Press, (1991)). PCR 
conditions for each application reaction may be empirically determined. A number of 
parameters influence the success of a reaction. Among these parameters are annealing 
temperature and time, extension time, Mg2+ and ATP concentration, pH, and the relative 

30 concentration of primers, templates and deoxyribonucleotides. Exemplary primers are 
described below in the Examples. After amplification, the resulting fragments can be 
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detected by agarose gel electrophoresis followed by visualization with ethidium bromide 
staining and ultraviolet illumination. 

In one embodiment, PCR can be used to amplify fragments from genomic 
libraries. Many genomic libraries are commercially available. Alternatively, libraries 
5 can be produced by any method known in the art. Preferably, the organism(s) from 
which the DNA is has no discernible disease or phenotypic effects. This isolated DNA 
may be obtained from any cell source or body fluid (e.g., ES cells, liver, kidney, blood 
cells, buccal cells, cerviovaginal cells, epithelial cells from urine, fetal cells, or any cells 
present in tissue obtained by biopsy, urine, blood, cerebrospinal fluid (CSF), and tissue 

10 exudates at the site of infection or inflammation). DNA is extracted from the cells or 
body fluid using known methods of cell lysis and DNA purification. The purified DNA 
is then introduced into a suitable expression system, for example a lambda phage. 

Another method for obtaining polynucleotides, for example, short, random 
nucleotide sequences, is by enzymatic digestion. As described below in the Examples, 

15 short DNA sequences generated by digestion of DNA from vectors carrying genes 
encoding luciferase (yellow green or red). 

Polynucleotides are inserted into vector genomes using methods known in the art. 
For example, insert and vector DNA can be contacted, under suitable conditions, with a 
restriction enzyme to create complementary or blunt ends on each molecule that can pair 

20 with each other and be joined with a ligase. Alternatively, synthetic nucleic acid linkers 
can be ligated to the termini of a polynucleotide. These synthetic linkers can contain 
nucleic acid sequences that correspond to a particular restriction site in the vector DNA. 
Other means are known and, in view of the teachings herein, can be used. 

25 The final constructs can be used immediately (e.g., for introduction into ES 

cells), or stored frozen (e.g., at -20°C) until use. Preferably, the constructs are linearized 
prior to use, for example by digestion with suitable restriction endonucleases. 
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Transgenic Animals 

The targeting constructs containing the light generating protein coding sequences 
(e.g., luciferase genes) are introduced into a pluripotent cell (e.g., ES cell, Robertson, E. 
J., In: Current Communications in Molecular Biology, Capecchi, M. R. (ed.), Cold 
5 Spring Harbor Press, Cold Spring Harbor, N.Y. (1989), pp. 39-44). Suitable ES cells 
may be derived or isolated from any species or from any strain of a particular species. 
Although not required, the pluripotent cells are typically derived from the same species 
as the intended reciepient. ES cells may be obtained from commercial sources, from 
International Depositories (e.g., the ATCC) or, alternatively, may be obtained as 

10 described in Robertson, E. J M supra. Examples of clonally-derived ES cells lines include 
129/SVJ ES cells, RW-4 and C57BIV6 ES cells (Genome Systems, Inc.). 

ES cells are cultured under suitable conditions, for example, as described in 
Ausubel et al. t section 9.16, supra. Preferably, ES cells are cultured on stomal cells 
(such as STO cells (especially SNC4 STO cells) and/or primary embryonic fibroblast 

15 cells) as described by E. J. Robertson, supra, pp 71-1 12. Culture media preferably 
includes leukocyte inhibitory factor ("lif *) (Gough, N. M. et al., Reprod. Fertil. Dev. 
1:281-288 (1989); Yamamori, Y. et al., Science 246:1412-1416 (1989), which appears to 
help keep the ES cells from differentiating in culture. Stomal cells transformed with the 
gene encoding lif can also be used. 

20 The targeting constructs are introduced into the ES cells by any method which 

will permit the introduced molecule to undergo recombination at its regions of 
homology, for example, micro-injection, calcium phosphate transformation, or 
electroporation (Toneguzzo, F. et aL, Nucleic Acids Res. 16:5515-5532 (1988); Quillet, 
A. et al, J. Immunol. 141:17-20 (1988); Machy, P. et al., Proc. Natl. Acad, Sci. (U.S.A.) 

25 85:8027-803 1 (1988)). The construct to be inserted into the ES cell must first be in the 
linear form. Thus, if the knockout construct has been inserted into a vector as described 
above, linearization is accomplished by digesting the DNA with a suitable restriction 
endonuclease selected to cut only within the vector sequence and not within the knockout 
construct sequence. If the ES cells are to be electroporated to insert the construct, the ES 

30 cells and construct DNA are exposed to an electric pulse using an electroporation 

machine and following the manufacturer's guidelines for use. After electroporation, the 
ES cells are typically allowed to recover under suitable incubation conditions. The cells 
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are then cultured under conventional conditions, as are known in the art, and screened for 
the presence of the construct. 

Screening and selection of those cells into which the targeting construct has been 
integrated can be achieved using the positive selection marker and/or the negative 
5 selection marker in the construct. In preferred embodiments, the construct contains both 
positive and negative selection markers. In one aspect, methods which rely on 
expression of the selection marker are used, for example, by adding the appropriate 
substrate to select only those cells which express the product of the positive selection 
marker or to eliminate those cells expressing the negative selection marker. For 

10 example, where the positive selection marker encodes neomycin resistance, G41 8 is 
added to the transformed ES cell culture media at increasing dosages. Similarly, where 
the negative selection marker is used, a suitable substrate (e.g., gancyclovir if the 
negative selection marker encodes HSV-TK) is added to the cell culture. Either before 
or after selection using the appropriate substrate, the presence of the positive and/or 

15 negative selection markers in a recipient cell can also be determined by others methods, 
for example, hybridization, detection of radiolabeled nucleotides, PCR and the like. In 
preferred embodiments, cells having integrated targeting constructs are first selected by 
adding the appropriate substrate for the positive and/or negative selection markers; Cells 
that survive the selection process are then screened by other methods, such as PCR or 

20 Southern blotting, for the presence of integrated sequences. 

After suitable ES cells containing the construct in the proper location have been 
identified, the cells can be inserted into an embryo, preferably a blastocyst. The 
blastocyts are obtained by perfusing the uterus of pregnant females. In one embodiment, 
the blastocyts are obtained from, for example, the FVB/N strain of mice and the ES cells 

25 are obtained from, for example, the C57BL/6 strain of mice. Suitable methods for 

accomplishing this are known to the skilled artisan, and are set forth by, e.g., Bradley et 
al., (1992) Biotechnology, 10:534-539. Insertion into the embryo may be accomplished 
in a variety of ways known to the skilled artisan, however a preferred method is by 
microinjection. For microinjection, about 10-30 ES cells are collected into a micropipet 

30 and injected into embryos that are at the proper stage of development to permit 

integration of the foreign ES cell containing the construct into the developing embryo. 
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The suitable stage of development for the embryo used for insertion of ES cells is species 
dependent, in mice it is about 3.5 days. 

While any embryo of the right stage of development is suitable for use, it is 
preferred that blastocysts are used. In addition, preferred blastocysts are male and, 

5 furthermore, preferably have genes encoding a coat color that is different from that 
encoded by the genes ES cells. In this way, the offspring can be screened easily for the 
presence of the knockout construct by looking for mosaic coat color (indicating that the 
ES cell was incorporated into the developing embryo). Thus, for example, if the ES cell 
line carries the genes for black fur, the blastocyst selected will carry genes for white or 

10 brown fur. 

After the ES cell has been introduced into the blastocyst, the blastocyst is 
typically implanted into the uterus of a pseudopregnant foster mother for gestation. . 
Pseudopregnant females are prepared by mating with vasectomized males of the same 
species and successful implantation usually must occur within about 2-3 days of mating. 

15 Offspring are screened initially for mosaic coat color where the coat color 

selection strategy has been employed. Southern blots and/or PGR may also be used to 
determine the presence of the sequences of interest. Mosaic (chimeric) offspring are then 
bred to each other to generate homozygous animals. Homozygotes and heterozygotes 
may be identified by Southern blotting of equivalent amounts of genomic DNA from 

20 mice that are the product of this cross, as well as mice that are known heterozygotes and 
wild type mice. Alternatively, Northern blots can be used to probe the mRNA to identify 
the presence or absence of transcripts encoding either the replaced gene, the light 
generating protein coding sequence (e.g., luciferase gene), or both. In addition, Western 
blots can be used to assess the level of expression of the luciferase protein with an 

25 antibody against the luciferase gene product. Finally, in situ analysis (such as fixing the 
cells and labeling with antibody) and/or FACS (fluorescence activated cell sorting) 
analysis of various cells from the offspring can be conducted using suitable {e.g., anti- 
luciferase) antibodies to look for the presence or absence of the targeting construct. 

In one embodiment of the present invention, the animals are from the C57BL/6 

30 mouse strain. This strain develops a variety of tumors and has been used to develop a 
number of tumor cells lines, for example, B 16 melanoma cells (including, B 1 6F10, 
B 1 6D5, and B 1 6F1), Lewis lung carcinoma cells (including, LLC, LLC-h59), T241 
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mouse fibrosarcoma cells, RM-1 and pTC2 mouse prostate cancer cells, and MCA207 
mouse sarcoma cells. These cell lines have been extensively used for in vivo tumor 
biology studies after injection into C57BL/6 mice. The generated targeted transgenic 
mice in the Examples are in C57BL/6 genetic background and these animals are suitable 
5 for injection or implantation of such tumor cells, as well as other tumor cells described in 
literature that are immunocompatent for C57BL/6 mice. Thus, the transgenic animals 
can then be used, for example, to monitor, in vivo, tumor progression (e.g., growth) and 
the efficacy of therapies on tumor regression. For example, where the transgenic animal 
is tumor-susceptible, it is monitored for expression of a reporter, e.g., luciferase, which is 

10 indicative of tumorigenesis and/or angiogenesis. The monitoring of expression of 
luciferase reporter expression cassettes using non-invasive whole animal imaging has 
been described (Contag, C. et al, U.S. Patent No. 5,650,135, July 22, 1997; Contag, P., et 
al, Nature Medicine 4(2):245-247, 1998; Contag, C, et al, OSA TOPS on Biomedical 
Optical Spectroscopy and Diagnostics 3:220-224, 1996; Contag, C.H., et al, 

15 Photochemistry and Photobiology 66(4):523-531, 1997; Contag, C.H., et al, Molecular 
Microbiology 18(4):593-603, 1995). Such imaging typically uses at least one photo 
detector device element, for example, a charge-coupled device (CCD) camera. 

The transgenic animals described herein can also be used to determine the effect 
of an analyte (e.g., therapy), for example on tumor progression where the promoter 

20 induces light generating protein (e.g., luciferase) expression when a tumor develops. 
Methods of administration of the analyte include, but are not limited to, injection 
(subcutaneously, epidermally, intradermally), intramucosal (such as nasal, rectal and 
vaginal), intraperitoneal, intravenous, oral or intramuscular. Other modes of 
administration include oral and pulmonary administration, suppositories, and transdermal 

25 applications. Dosage treatment may be a single dose schedule or a multiple dose 
schedule. For example, the analyte of interest can be administered over a range of 
concentration to determine a dose/response curve. The analyte may be administered to a 
series of test animals or to a single test animal (given that response to the analyte can be 
cleared from the transgenic animal). 

30 The following examples are intended only to illustrate the present invention and 

should in no way be construed as limiting the subject invention 
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EXAMPLES 



Example 1 

Generating the Targeting Cassette and Vector 

5 

A. Creation of the Backbone Vector 

pTK53: The 0.5 kb mouse phosphoglycerate kinase 1 promoter was amplified 
with PGK primers (PGKF, SEQ ID NO: 1 : 

ATCGAATTCTACCGGGTAGGGGAGGCGCTTT; PGKR, SEQ ID NO:2: 

10 GGCTGCAGGTCGAAAGGCCCGGAGATGAGG) using mouse genomic DNA 
(Genome Systems, Inc., St. Louis, MO) as template. This fragment was then double 
digested with EcoRI and PstI and cloned into the pKS vector (Stratagene, La Jolla, 
California) which was linearized with the same enzymes. The neomycin gene was 
amplified with NeoF (SEQ ID NO:3: 

15 ACCTGCAGCCAATATGGGATCGGCCATTGAAC) and NeoR (SEQ ID NO:4: 
GGATCCGCGGCCGCCCCCAGCTGGTTCTTTCCGCCTC) primers using 
pNTKV1907 (Stratagene) as a template. The 1 .1 kb PCR fragment was double digested 
with PstI and BamHI and cloned into the pKS-PGK vector which was linearized with the 
same enzymes. This pKS-PGK-Neo vector was used to clone thymidine kinase gene as 

20 follows. Primers TKF (SEQ ID NO: 5 : 

GGATCCTCTAGAGTCGAGCAGTGTGGTTTT) and TKR (SEQ ID NO:6: 
GAGCTCCCGTAGTCAGGTTTAGTTCGTCCG) were used to amplify the TK gene 
from pNTKV1907 (Stratagene). The amplified 2kb fragment was then digested with 
BamHI and Sad and cloned into pKS-PGK-Neo vector that was linearized with the same 

25 enzymes. This constructed vector was designated as pTK. A synthetic linker F5R5 was 
made after annealing of two primers (forward primer, F5R5 1 , SEQ ID NO: 7: 
GTACATTTAAATCCTGCAGG; reverse primer, F5R52, SEQ ID NO:8: 
AGCTCCTGCAGGATTTAAAT). This linker was inserted between Asp718I and 
Hindin sites of pTK and the new construct was designated pTK5. A second synthetic 

30 linker F3R3 was made by annealing of two primers (forward primer, F3R3 1 , SEQ ID 
NO:9: 

GGCCCGGGCTTAATTAATGCATCATATGGTACCGTTTAAACGCGGCCGCAAG 
CTTGTCGACGGCGCGCCGGCCGGCC; reverse primer, F3R32, SEQ ID NO: 1 0: 
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GATCGGCCGGCCGGCGCGCCGTCGACAAGCTTGCGGCCGCGTTTAAACGGTA 
CCATATGATGCATTAATTAAGCCCG). ). This linker was inserted between NotI and 
BamHI sites of pTK and the new construct was designated pTK53. Schematics of the 
vectors are shown are shown in Figure 1. 

5 

B. Introduction of Luciferase 

pTK-LucYG and pTK-LucR: The yellow green luciferase gene was isolated 
from pGL3 vector (Promega) as a HindHI-Sall fragment and was cloned into pGK53 that 
was linearized with the same enzymes. The new construct was designated pTK-Luc YG 
10 (8931 bp), shown in Figure 2. 

The red luciferase gene was isolated from pGL3-red vector (Dr. Christopher 
Contag, Stanford University, Stanford, Calif.) as a Hindm-Sall fragment and was cloned 
into pGK53 that was linearized with the same enzymes. The new construct was 
designated pTK-LucR (8931 bp), shown in Figure 2. 

15 

Example 2 
Insertion of Targeting Sequences 

A, Generation of vitronectin targeting vector: The targeting construct 
20 pTKLR-Vn was generated by inserting vitronectin (VN) DNA sequences into pf K-LucR 
vector. 

Vitronectin (VN) is an abundant glycoprotein present in plasma and the 
extracellular matrix of most tissues. In a previous study, it was shown that heterozygous 
mice carrying one normal and one null VN allele and homozygous null mice completely 

25 deficient in vitronectin demonstrate normal development, fertility, and survival. This 
suggests that VN is not essential for cell adhesion and migration during normal mouse 
development (Zheng, X., et al., Proc Natl Acad Sci U S A 1995 92:12426-30). Mouse 
vitronectin genomic DNA sequence of 5004 bp was obtained from GenBank database 
(Accession number X72091). Based on this sequence, a 1 .63 kb 3'end vitronectin 

30 fragment was amplified (reverse primer, VN1R, SEQ ID NO: 1 1 : 

CTGTATTTAAATCTGCCCACCCTATTCAGGACAGTAGTC; forward primer, 
VN1F, SEQ ID NO: 12: CCAATGCATCAACCCAGCCAGGAGGAGTGCG) using 
mouse C57BL/6 genomic DNA as template (Genome Systems, Inc., St. Louis, MO). 
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This fragment was digested with Swal and Nsil and cloned into pTK-LucR (linearized 
with Swal and Sbfl). This construct was designated as pTK-LucR3. Subsequendy, a 2.35 
kb 5'end vitronectin fragment was amplified (reverse primer, VN2R, SEQIDNO:13: 
AACGCGTCGACTTCGGAGATGTTTCGGGGATAACCAGG; forward primer, 
5 VN2F, SEQ ID NO: 14: 

TTGGCGCGCCCCATAGAGAAGAGACACCAAAGGCACGCTC) using mouse 
C57BL/6 genomic DNA as template. This fragment was digested with Sail and AscJ and 
cloned into pTK-LucR vector that was linearized with Sail and Arc/. This construct was 
designated as pTKLR-Vn. Figure 3 shows the restriction map of pTKLR-Vn vector. The 
10 polylinker between the neomycin gene and red luciferase gene is used to insert the 
VEGF promoter or other promoters of interests. The predicted homologous 
recombination between pTKLR-Vn and vitronectin gene is illustrated in Figure 3A. 
Upon insertion of the VEGF-LucR transgene cassette, the endogenous vitronectin gene is 
destroyed. Figure 3B shows the genomic DNA sequence of VN. 

15 

B. Generation of Fos targeting vector: The targeting construct pTKLG-Fos was 
generated by inserting FosB DNA sequences into pTK-LucYG vector. 

FosB is one of the members of the Fos family. It plays a functional role in 
transcriptional regulation. It has been shown that FosB mice are born at a normal 
20 frequency, are fertile and present no obvious phenotypic or histologic abnormalities 
(Gruda et al ( 1 996) Oncogene 1 2:21 77-2 1 85). A 28.8 kb genomic region that contains 
mouse FosB DNA sequence was obtained from GenBank database (Accession number 
AF093624). 

Using this sequence, a 1 .71 kb 5'end FosB fragment was amplified (forward 

25 primer, FosB 1 F, SEQ ID NO: 1 5: 

CTGTATTTA A ATCCCGTTTCTC ACTGTGCCTGTGTC ; reverse primer, FosBlR, 
SEQ ID NO: 16: GTCTCCTGCAGGCTTCCTCCTCCTTGTTCCTTGCG) using mouse 
C57BL/6 genomic DNA as template. This fragment was digested with Swal and Sbfl and 
cloned into pTK-LucYG vector that was linearized with Swal and Sbfl. This construct 

30 was designated as pTK-LucYG3. Subsequently, a 1.58 kb 3*end FosB fragment was 
amplified (forward primer, FosB2F, SEQ ID NO: 17: 

AACGCGTCGACGGATGGGATTGACCCCCAGCCCTC; reverse primer, FosB2R, 



WO 01/18225 



PCT7US99/30078 



48 

SEQ ID NO: 18: TTGGCGCGCCCCTTGCCTCCACCTCTCAAATGC) using mouse 
C57BL/6 genomic DNA as template. This fragment was digested with Sail and AscI and 
cloned into pTK-LucYG vector that was linearized with Sail and AscL This construct 
was designated as pTKLG-Fos (Figure 4). The polylinker between the neomycin gene 
5 and red luciferase gene is used to insert the VEGFR2 promoter (Example 3, Figure 5A), 
Tie2 promoter (Example 3, Figure 5B), as well as, other promoters of interests. The 
predicted homologous recombination between the targeting vector bearing the VEGFR2 
promoter (Figure 5A) or the Tie2 promoter (Figure 5B) and FosB gene is also illustrated. 
As shown in the Figures, the VEGFR2-Luc YG transgene cassette and Tie2-Luc YG 
10 transgene cassette is inserted downstream of FosB gene translational stop signal. 

Therefore, the targeted transgenic mice should still have a functional FosB gene while 
expressing the transgenes. Figure 4B showns the DNA sequence of FosB. 

Example 3 

1 5 Insertion of Promoter Sequences of Interest 

A. pTKLR-Vn/VEGF: Mouse VEGF genomic DNA sequence of 2240 bp that 
contains a partial VEGF promoter region was obtained from GenBank (accession 
number: U41383). Accordingly, primers were designed to amplify a 0.69 kb (VFI- 
VR1 A; Table 1) and a 0.98 kb fragment (VF2-VR2; Table 1). It was confirmed that 

20 each pair of primers can amplify the predicted product using mouse 1 29S v J genomic 
DNA as template. 
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Table 1 



Name 


Seq Id No 


Sequence 


VFl 


19 


ACCTC ACTCT CCTGT CTCCC CTGAT TCCCA A 


VRIA 


20 


GCTCT GGCGG TCACC CCCAA AAGCA 


VF2 


21 


CCCTT TCCAA GACCC GTGCC ATTTG AGC 


VKZ 




AC1 1 1 UCaa-U lOlCC C1C1C ICIOl ILXjC 


KFl 


23 


GCTGC GTCCA GATTT GCTCT CAGAT GCG 


KR1 


24 


TTCTC AGGCA CAGAC TCCTT CTCCG TCCCT 


KF2 


25 


CAGAT GGACG AGAAA ACAGT AGAGG CGTTG GC 


KR2 


26 


GAGGA CTCAG GGCAG AAAGA GAGCG 


TF3 


27 


AGCTT AGCCT GCAAG GGTGG TCCTC ATCG 


TF2 


28 


CAAAT GCACC CCAGA GAACA GCTTA GCCTG C 


TR1 


29 


GCTTT CAACA ACTCA CAACT TTGCG ACTTC CCG 



Conditions for PCR amplification arc shown in Figure 6. These primers were 
5 used for PCR screening of mouse 129/SvJ genomic DNA BAC (bacterial artificial 
chromosome) library (Genome Systems, Inc., St. Louis, MO). The library, on average, 
contained inserts of 120 kb with sizes ranging between 50 kb to 240 kb. A large 
genomic DNA fragment that contained VEGF promoter region was obtained. Southern 
blot analysis was performed to map the VEGF promoter region. A unique HindlH 
10 restriction site was mapped approximately 7.8 kb upstream of the ATG translational start 
codon of the VEGF gene. The sequences between HindlH and ATG translational start 
codon are inserted into the polylinker of pTKLR-Vn vector to finish the construction of 
targeting vector that contains VEGF-LucR transgene (Figure 3 A). 

15 B. pTKLG-Fos/VEGFR2 

A mouse VEGFR2 genomic DNA sequence of 1079 bp which contains a partial 
VEGFR2 promoter region was published previously (Ronicke, et ah, (1996) C/r. Res. 
79:277-285). Accordingly, primers were designed to amplify a 0.45 kb (KF1-KR1 A; 
Table 1) and a 0.58 kb fragment (KF2-KR2; Table 1). It was confirmed that each pair of 
20 primers can amplify the predicted product using mouse 129SvJ genomic DNA as 
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template. DNA sequences for these primers are shown in Table 1 above and PCR 
amplification conditions are shown in Figure 6. These primers were used for PCR 
screening of mouse 129/SvJ genomic DNA BAC library. From the screening, a BAC 
clone that contained a large genomic DNA fragment was obatined. Based on the 

5 published restriction map of VEGFR2, a 4.5 kb Hindffl-Xbal fragment that covers the 
VEGFR2 promoter region was subcloned from the VEGFR2 BAC clone into the 
pBluescriptSK vector (Stratagene, La Jolla, CA) that was linearized with Hindin and 
Xbal. The VEGFR2 promoter sequences of 4. 1 kb, spanning from a Hindlll site to the 
ATG translational start codon, are subcloned into the polylinker of pTKLG-Fos vector to 

10 construct the targeting vector that contains VEGFR2-LucYG transgene (Figure 5A). 

C. pTKLG-Fos/Tie2 

Mouse Tie2 genomic DNA sequence of 477 bp which contain a partial Tie2 
promoter region has been published previously (Fadel et al (1998) Biocherru J. 330(Pt. 

15 l):335-343). Accordingly, primers were designed to amplify a 0.45 kb (TF3-TR1 ; Table 
1) and a 0.47 kb fragment (TF2-TR1; Table 1 ). It was confirmed that each pair of 
primers amplified the predicted product using mouse 129SvJ genomic DNA as template. 
DNA sequences for these primers are shown in Table 1 above. PCR amplification 
conditions are shown in Figure 6. These primers are used for PCR screening of mouse 

20 1 29SvJ genomic DNA BAC library. From the screening, a BAC clone containing a 
large genomic DNA fragment of the Tie2 promoter region was obtained. Based on the 
published Tie2 genomic DNA restriction map (see, Dumont et ah, supra), a 10.5 kb 
Asp718-EcoRV fragment containing the Tie2 promoter region was subcloned ifrom the 
Tie2 BAC clone into the pSK vector that was linearized with Asp718 and EcoRV. The 

25 Tie2 promoter sequences of about 6.8 kb, spanning from the Asp718 site to the ATG 
translational start codon is subcloned into the polylinker of pTKLG-Fos vector to 
construct the Tie2-LucYG targeting vector (Figure 5B). 
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Example 4 

Generation of Transgenic Mice Carrying the Constructs of the Present 

Invention 

5 A. General Procedure: Figure 7 depicts a generalized description of generation 

of transgenic mice using the targeted transgenic vectors described in Example 3. Details 
regarding embryonic stem (ES) cell culture, transfection, blastocyst injection and 
implantation to a pseudopregnant foster are described, for example, in Hogan et al (1994) 
'•Manipulating the Mouse Embryo, A Laboratory Manual. Second Edition", Cold Spring 

1 0 Harbour Laboratory Press . 

After construction the targeted transgenic construct are transfected into C57BL/6 
embryonic stem (ES) cells. (Genome System Inc., Genome Systems, Inc., St. Louis, 
MO) through electroporation. The antibiotic G418 is used to select for cells in which the 
DNA construct containing the Neo gene is integrated, either randomly or by homologous 

15 recombination. The nucleoside analog gancyclovir is converted by TK to a cytotoxic 
derivative. DNA that has integrated by homologous recombination lose the TK gene and 
are resistant to the drug, whereas cells that have incoiporated the DNA randomly are 
likely to retain the TK gene. Thus, cells containing random integrations into a 
chromosomal location that allows the expression of the TK gene are killed. The G41 8 

20 and gancyclovir resistant clones are then be screened by PCR and Southern blot analysis 
and those that have homologous DNA recombination is used for FVB/N blastocyst 
injection (Genome System, Inc.). Between 4-16 blastocysts are transferred to the uterus 
of a pseudopregnant foster mother. The pups are typically born 17 days after the transfer. 
Either random bred mice or Fl hybrid mice make suitable recipients. Females of certain 

25 random-bred stocks (e.g., CD1 mice, from Charles River Laboratories) have very large 
ampullae, which makes oviduct transfer easier. These mice also generally make good 
mothers. Alternatively, Fl hybrid females {e.g., B6 x CBA Fl) can be used as recipients. 
Although their ampullae are smaller, make exceptionally good mothers,rearing litters as 
small as two pups. See, for example, Hogan et al, (1994), supra. 



30 
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B. Screening for homologous DNA rec mbination p sitive ES cells 
1). pTKLG-Fos/VEGFR2: Analysis of homologous DNA recombination between 
pTKLG-Fos/VEGFR2 targeting vector and the FosB gene is carried out using Southern 
blot analysis as shown in Figure 8. Genomic DNA prepared from G418 resistant ES 

5 cells is digested with PvuII and probed with probe A to confirm the 5'end DNA 

recombination. PvuII digestion of DNA bearing homologous recombination reveals two 
separate bands of 8.2 and 4.0 kb, whereas digestion of DNA from homologous 
recombination negative clones reveals only the 8.2 kb band. The 3'end of DNA 
recombination is tested by hybridizing NotI digested DNA with probe B. NotI digestion 

10 of DNA bearing homologous recombination will reveal two separate bands of >8.2kb 
and 5.0 kb, whereas digestion of DNA from homologous recombination negative clones 
will only reveal the >8.2 kb band. Once homologous DNA recombination is confirmed, 
positive clones is selected for FVB/N blastocyst injection. 

15 2) pTKLG-Fos/Tie2: Analysis of homologous DNA recombination between 

pTKLG-Fos/Tie2 targeting vector and the FosB gene is analyzed by Southern blot in a 
similar manner as described above for pTKLG-Fos/VEGFR2. Once homologous DNA 
recombination is confirmed, positive clones are selected for FVB/N blastocyst injection. 

20 3) PTKLR-Vn/VEGF: Analysis of homologous DNA recombination between 

pTKLR-Vn/VEGF targeting vector and the vitronectin gene is analyzed by PCR. DNA 
primers designed according to the predicted homologous recombination, are listed in 
Table 2. 
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Table 2 



PCR primers for analysis of homologous DNA recombination between pTKLR- 
Vn/VEGF targeting vector and the vitronectin gene 

5 



5'end primers 


F51 5'- CCCAGTGTCTCTGATTTAGGGAGAGCACCTGAG -3* 


SEQIDNO:30 


RSI 5'- CCAGACTGCCTTGGGAAAAGCGCCTC -3' 


SEQIDNO:31 




F52 5'- CAGTGAGAGTCTTCTCTGTCCCTCAATCGGTTCTG -3 


' SEQ ID 


NO:32 


R52 5'- TGGATGTGGAATGTGTGCGAGGCCAG -3' 


SEQDDNO:33 




3 'end primers 


F31 5'- AATCAAAGAGGCGAACTGTGTGTGAGAGGTCC -3* 


SEQIDNO:34 


R31 5'- CGGCTCCCCAAAATGTGGAAGCAAGC -3' 


SEQ ID NO:35 




F32 5'- GAATCCATCTTGCTCCAACACCCCAACATC -3' 


SEQIDNO:36 


R32 5'- CGCCTCCTCTCCCCAGTCTCCCCTTG -3' 


SEQIDNO:37 



Primers F51-R51 and F52-R52 amplify a 1799 bp and a 1841 bp DNA fragment 
respectively from the 5'end of the transgene that is integrated into the vitronectin site 
through homologous DNA recombination, whereas primers F31-R31 and F32-R32 
10 amplify a 3549 bp and a 3428 bp DNA fragment respectively from the 3'end of the 
transgene that is integrated into the vitronectin site through homologous DNA 
recombination. Clones that allow successful amplification of both the 5'end and 3'end 
of the integrated transgene are selected for FVB/N blastocyst injection. 

15 C. Analysis of chimeric mice 

The pups developed from injected blastocysts contain chimeras, as can be 
identified by their agouti coat color when an ES cell derived from a mouse having a dark 
coat color (e.g., C57BL/6) is injected into the blastocyst of a light coat color animal (e.g., 
FVB/N, genotype B/B). DNA analysis (e.g., Southern blotting, PCR) is conducted to 

20 further confirm the presence of the transgene in these pups as described above in Section 
B. These animals may be obtained commerically, for example from The Jackson 
Laboratory, Bar Harbor, MN. 
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D. Generating targeted transgenic C57BL/6 mice with whit coat color 
Breeding of the chimeric mice generates homozygous targeted transgenic mice, 

as depicted in Figure 9. The targeted mice are used to monitor gene expression through 
the measurement of luciferase mediated light emission from the mice. In a preferred 

5 embodiment, the targeted mouse has a light coat color (e.g., white coat color), because 
the black colored coat (an example of a dark coat color) of C57BL/6 mice can absorb 
light emitted from the body and may interfere the sensitivity of the bioluminescence 
assay. An inbred mouse strain C57BL/6-Tyr C2j/+ strain (Jackson Laboratory, Bar 
Harbor, MN) is available for this purpose. This strain of mice have white color coat, yet 

10 they still have the same genetic background as C57BL/6 mice except that the gene 
responsible for the black coat color is mutated. Unfortunately, C57BL/6-Tyr C2j/+ ES 
cells are not currently available. Therefore, the designed breeding program illustrated in 
Figure 9 is aimed to generate mice that are homozygous for the target transgene and have 
white coat color. C57BI76 ES cells are prepared as described above and introduced into 

15 a suitable blastocyst (e.g., from the FVB/N strain of mice). The blastocysts are 

implanted into a foster mother. Chimeric mice are shown in Figure 9 as white animals 
with black and green patches. Chimeric animals are bred with C57BL/6-Tyr C2j/+ mice 
to create Fl hybrids. Subsequent breeding of the Fl hybrids generates several type of 
mice, including the one that is homozygous for the target transgene and has a white coat 

20 color (shown in Figure 9 as b/b; L/L), which is used for in vivo gene regulation 
monitoring. 

A C57BIV6 mouse and a C57BL/6-Tyr C2jAf mouse are considered to be 
substantially isogenic. Accordingly, the method of the present invention exemplified in 
Figure 9 provides a means for generating breeding groups of substantially isogenic mice 
25 in a selected genetic background carrying at least one transgene of interest. 

E. Dual luciferase targeted transgenic mice 

As described above, two targeting vectors are generated. PTKLR-Vn carries a 
red luciferase gene and is targeted into vitronectin locus, PTKLG-Fos carries a yellow- 
30 green luciferase gene and is targeted into FosB locus. A number of promoters, including 
VEGF promoter, VEGFR2 promoter, and Tie2 promoter are cloned into these vectors, as 
described above. Subsequently three type of targeted transgenic mice are generated- 



WO 01/18225 



PCT/US99/30078 



55 

VEGF mice carry VEGF promoter-red luciferase transgene (VEGF-LucR) integrated 
into vitronectin locus. VEGFR2 mice carry VEGFR2 promoter-yellow-green luciferase 
(VEGFR2-LucYG) transgene integrated into FosB locus. Tie2 mice carry Tie2 promoter- 
yellow-green luciferase (Tie2-LucYG) transgene integrated into FosB locus. Through a 

5 breeding program illustrated in Figure 10, dual luciferase targeted transgenic mice are 
produced, carrying both of the VEGF-LucR and the VEGFR2-LucYG transgenes. The 
degradation of luciferin by yellow-green luciferase and red luciferase generates lights 
that emit at 540 nM and 610 nM respectively. These wavelengths of light are measured 
individually using a photo-counting camera (intensified CCD). Therefore, both VEGF 

10 expression and VEGFR2 expression, for example, can then be monitored in the same 
mouse at the same time. 

As is apparent to one of skill in the art, various modification and variations of the 
above embodiments can be made without departing from the spirit and scope of this 
15 invention. These modifications and variations are within the scope of this invention. 
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CLAIMS 

What is claimed is: 

1 . A vector for use in generating a transgenic non-human mammal, said mammal 
having at least one single-copy, non-essential gene in its genome, said vector comprising 

(a) a first selectable marker and a reporter expression cassette, said reporter 
expression cassette comprising a transcriptional promoter element operably linked to a 
light-generating protein coding sequence, and 

(b) targeting polynucleotide sequences homologous to a single-copy, non- 
essential gene in said mammaPs genome, said targeting polynucleotide sequences 
flanking (a), wherein (i) the length of the targeting polynucleotide sequences are 
sufficient to facilitate homologous recombination between the vector and the single- 
copy, non-essential gene, and (ii) said transcriptional promoter element is heterologous 
to the single-copy, non-essential gene. 

2. The vector of claim 1, wherein said first selectable marker provides a positive 
selection. 

3. The vector of claim 2, wherein said first selectable marker is selected from the 
group consisting of neomycin phosphotransferase II, xanthine-guanine 
phosphoribosyltransferase, hygromycin-B-phosphotransferase, chloramphenicol 
acetyltransferase, and adeninephosphoribosyl transferase. 

4. The vector of claim 3, wherein the first selectable marker is neomycin 
phosphotransferase II. 

5. The vector of any of claims 1-4, further comprising a second selectable 
marker, wherein at least one target polynucleotide sequence is located between said 
second selectable marker and (a). 

6. The vector of claim 5, wherein said second selectable marker provides a 
negative selection. 
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7. The vector of claim 6, wherein said second selectable marker is selected from 
the group consisting of adenosine deaminase, thymidine kinase, and dihydrofolate 
reductase. 

8. The vector of any of claims 1-7, wherein the transcriptional promoter element 
is selected from the group consisting of an inducible promoter, a repressive promoter, 
and a constitutive promoter. 

9. The vector of claim 8, wherein the transcriptional promoter element is selected 
from the group consisting of VEGF, VEGFR, and ITE2. 

10. The vector of any of claims 1-9, wherein the sequences encoding the light- 
generating protein are obtained from either procaryotic or eucaryotic sources. 

11. The vector of claim 10, wherein the light generating protein is a luciferase. 

1 2. The vector of any of claims 1-11, wherein said reporter expression cassette 
further comprises other control elements. 

13. The vector of claim 12, wherein said control elements are selected from the 
group consisting of transcription enhancer elements, transcription termination signals, 
polyadenylation sequences, sequences for optimization of initiation of translation, and 
translation termination sequences. 

14. The vector of any of claims 1-11, wherein said vector is circular. 

15. The vector of claim 14, wherein said vector contains at least one restriction 
site whose cleavage results in a linear vector having the following arrangement of 
elements: targeting polynucleotide sequence - (a) - targeting polynucleotide sequences. 

16. The vector of claim 5, wherein said vector is circular. 
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17. The vector of claim 16, wherein said vector contains at least one restriction 
site whose cleavage results in a linear vector having the following arrangement of 
elements: target polynucleotide sequence - (a) - targeting polynucleotide sequences - 
(second selectable marker). 

18. The vector of any of claims 1-17, wherein the coding sequences of the 
reporter expression cassette comprise codons that are optimal for expression in a host 
system into which the expression cassette is to be introduced. 

19. The vector of claim 18, wherein said mammal is a rodent 

20. The vector of claim 19, wherein said mammal is a mouse. 

21. The vector of any of claims 1-20, wherein said targeting polynucleotide 
sequences from single-copy, non-essential genes are selected from the group consisting 
of vitronectin,/os5, and galactin 3. 

22. A method of producing a transgenic, non-human mammal, said mammal 
having at least one single-copy, non-essential gene in its genome, comprising 

transfecting an embryonic stem cell of said mammal with a linear vector 
comprising 

(a) a first selectable marker and a reporter expression cassette, said reporter 
expression cassette comprising a transcriptional promoter element operably linked to a 
light-generating protein coding sequence, and 

(b) targeting polynucleotide sequences homologous to a single-copy, non- 
essential gene in said mammal's genome, said targeting polynucleotide sequences 
flanking (a), wherein (i) the length of the polynucleotide sequences are sufficient to 
facilitate homologous recombination between the vector and the single-copy, non- 
essential gene, and (ii) said transcriptional promoter element is heterologous to the 
single-copy, non-essential gene; 
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selecting embryonic stem cells which each have said first selectable marker and 
reporter expression cassette integrated into its genome; 

injecting said embryonic stem cells into a host embryo, 
implanting said embryo in a foster mother, - 

maintaining said foster mother under conditions which allow production of an 
offspring that is a transgenic, non-human mammal carrying said reporter expression 
cassette. 

23. The method of claim 22, wherein said offspring is capable of germline 
transmission of said reporter expression cassette. 

24. The method of claim 23 further comprising breeding said offspring with a 
mammal, wherein the mammal is substantially isogenic with the embryonic stem cells, 
wherein said breeding yields transgenic Fl offspring carrying said reporter cassette. 

25. The method of claim 24, further comprising breeding a first Fl offspring 
carrying said reporter cassette with a second Fl offspring carrying said reporter cassette, 
wherein said breeding yields transgenic F2 offspring carrying said reporter cassette. 

26. The method of any of claims 22-25, wherein said mammal is a mouse. 

27. The method of claim 26, wherein said embryonic stems cells are derived 
from a mouse having a dark coat color. 

28. The method of claim 27, wherein said mammal substantially isogenic with 
the embryonic stem cells has a light coat color. 

29. The method of claim 28, wherein said F2 offspring carrying said reporter 
cassette has a light coat color. 

30. The method of claim 29, wherein said embryonic stems cells are derived 
from a C57BI76 mouse having a dark coat color, and said mammal substantially 
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isogenic with the embryonic stem cells is a C57BL/6-Tyr C2j/+ mouse having a light 
coat color. 

31 . The method of any of claims 22-30, wherein the light generating protein is a 
luciferase. 

32. A transgenic, non-human mammal, comprising at least one single-copy, non- 
essential gene in its genome, wherein (i) at least a portion of at least one single-copy, 
non-essential gene is replaced by polynucleotide sequences heterologous to the gene, 
such that the gene cannot produce a functional gene product, and (ii) said polynucleotide 
sequences comprise a first expression cassette which has been introduced into said 
mammal or an ancestor of said mammal, at an embryonic stage, said first expression 
cassette comprising 

a first selectable marker, 

a first transcriptional promoter element heterologous to the gene, and 
light-generating protein coding sequences, wherein said light-generating protein 
coding sequences are operably linked to said promoter element. 

33. The transgenic, non-human mammal of claim 32, wherein the single-copy, 
non-essential gene is selected from the group consisting of vitronectin, fosB y and galactin 

3. 

34. The transgenic, non-human mammal of any of claims 32-33, wherein the 
first selectable marker is selected from the group consisting of neomycin 
phosphotransferase II, xanthine-guanine phosphoribosyltransferase, hygromycin-B- 
phosphotransferase, chloramphenicol acetyltransferase, and adeninephosphoribosyl 
transferase. 

35. The transgenic, non-human mammal of any of claims 32-34, wherein the 
first transcriptional promoter element is selected from the group consisting of an 
inducible promoter, a repressible promoter, and a constitutive promoter. 
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36. The transgenic, non-human mammal of claim 35, wherein the first 
transcriptional promoter element is selected from the group consisting of VEGF, 
VEGFR, and TIE2. 

37. The transgenic, non-human mammal of any of claims 32-36, wherein said 
expression cassette further comprises other control elements. 

38. The transgenic, non-human mammal of claim 37, wherein said control 
elements are selected from the group consisting of transcription enhancer elements, 
transcription termination signals, polyadenylation sequences, sequences for optimization 
of initiation of translation, and translation termination sequences. 

39. The transgenic, non-human mammal of any of claims 32-38, wherein said 
non-human mammal comprises a second single-copy, nOn-essential gene in its genome, 
wherein (i) at least a portion of the second single-copy, non-essential gene is replaced by 
polynucleotide sequences heterologous to the second gene, such that the second gene 
cannot produce a functional gene product, and (ii) said polynucleotide sequences 
comprise a second expression cassette which has been introduced into said mammal or 
an ancestor of said mammal, at an embryonic stage, said first expression cassette 
comprising 

a second selectable marker, 

a second transcriptional promoter element heterologous to the second gene, and 
light-generating protein coding sequences, wherein said light-generating protein 
coding sequences are operably linked to said second promoter element. 

40. The transgenic, non-human mammal of claim 39, wherein the first 
transcriptional promoter element in the first expression cassette is different from the 
second transcriptional promoter element in the second expression cassette. 

41. The transgenic, non-human mammal of claim 40, wherein the light- 
generating protein in the first expression cassette can produce a different color of light 
relative to the light-generating protein in the second expression cassette. 
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42. The transgenic, non-human mammal of any of claims 32-41, said mammal 
being a rodent 

43. The transgenic, non-human mammal of 42, said rodent being a mouse. 

44. The transgenic, non-human mammal of any of claims 32-43, wherein the 
sequences encoding the light-generating protein are obtained from either procaryotic or 
eucaryotic sources. 

45. The transgenic, non-human mammal of claim 44 wherein the light- 
generating protein is a luciferase. 
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1 TCC ^ CCCACC tOXTXCTCAC CI CUXO OC C TICCtAOPPA A CTlWUff 'tAAACAAOC C TCACCCCGO G AOOGlGTOOr GCCACAGAAG GAAGGQR£f> 

agoicggtog acaaagacxo caooooccgg aaggatcaat tgaaotacca atptctxcoo agtqggccoc totacacca cwiwurm SrocScS 

101 00CACAA0CC OOCWl C'ltT CTQATmOO GAGAOCACCT GAOCCCAQTO AGAfflCITCP CTOTCCCTCA ATOOOTTCTO AAATTCOCCA CllULLum! 

uutfwmm ootcacaga gacpaaatcc ctctootooa ctoogicac tctcagaaga gacagcoaot tagccaagac tttaaotqgt gwSgcaS 

201 TOTOMOO GACAOOOCT O OOCACOCTXT T CAOGACAOT AGTCTPAAAC TCCTAOOCAA CAGACTrTPP ATTOOOCPOO GAOAAAOMZA TOAGOCttrT 
AATAGGTCCC CTCTCOCCAC GGGTGQGA'tA AOTCCTGTCA TCAGAMTTQ AOCATOOOTT GTCTCAAAAA TaACCCCACC CiUlUIJIl ' f ACXCCGAGGA 

101 CAAOCTCAGC CGAOTO QOCT CXGATICCPA CnCTCAGAG tflLlXJUCA O C CCAGCCAATA CTGAOCAATO GAGCGTCGGT AOGGAGGATr CACAGAarr* 
CPICGAOTCO GCTCACCCGA GACZAAGGAT GAAGACXCPC CAGC0CG1GG GGTCOGTIAT GACTCGTEAC CICGCACOCA TCCCTCCTAA GTCTCTCMQ 

401 ACTOQOOQQQ TXC7AAGG1* GACPCGGTAG TOTK7ICT3 AAAGAAAGAA fCGAAAAACG GTTATGTGAG AITCtQCCXO ATCCTOTOCA CTOGTCCOUi 
T0AOCOO0CC AAGATXCCAA CIGAGCCA1C A1AAACAGAC TllCmiYr AOCTITITOC CAATACACIC TAXOAOGGAC TOGGACAOOT GACCACGGTP 

501 omocataaa oocrrrrxcr caqaaqogaa agicaacatc caccaagcag ataatgtcac caictcago cigtctxcaq caocgagooa ccaaoaccto 

CITCCEATrr CCGAAAAAGA OTCTTCCCTT ICACTIUJAO OXGGTTOOTC TATPAGAGTQ ODtOATGTCC GACAGAAOTC fl'Wj MJL T 
601 CAQ0CAA00C C EAOOCAAAA CCACI CTAAO OM TOCAAAQ OGQCT00CAC CXCCAGAGAA CAAATAGACQ CICPOAATGO GCXCGCAGGT GGCAQQVACA 

oicoarxcoo gatcoctttp ggtgagatxc ctcatcpitc cccgaoggtg gacgtctcit ctitatctoc gagacx-iacc ccagcgtcca ccgtccatot 
101 JJ522T52 ™ rc * rAATC *»OTicTro tmsqttccta occcacicpc ctcocto ga o aacaaaqaoa accagatpba acgtcatqaa cgagoggagt 

tCGGTCAOOP KOmma 1KICAACAAC ATOCAACGAT CCOCnCAGAG GAOOQAOCTC T IOTnCX ' f TOQnCPAACT TOCACtACTP ^OUJOUA 

Wl TOBAOC ICTO GCIQOSXCXa TOOCACOOC CtCQOOOT GA ACGA1MCOC I llUJJLTiC TACGCPPAGA LTIWiWITIT T ICHXTAWU CAGAOTOGGA 
AGCICGAGAC CGACGCAGAC ACOGGTGCOO GM300OCACT TOT A 1 UAJU AAAGOCGAAQ ATOCCAATCT GAAGACAAAA AAO0GAAG0C OPCICACCCT 

m T ^ ocaQcc ^ «gacgpaga T ccqaxjucc cmmcaoco ■ iccAcmu. ' ctoocacaoc atoocaotic cggcigaiga attgoqottc tcigocpoca 

ATTOCXCOTr CACXQCAtCr ACQCCQOO CO OTATCOTOOC AGCTCAAAOG GACCG1GTOQ TACGGTGAAG GCCGACTCT 1AACCGCAAO AGACC3AGGP 

1001 GCAAOOOOT T AATOCACTXO OCACATTCTO OCTITOMTT CTCCACCAAG tmi/ll- ' IVU: TATCTATXTA 1CPATCTPXA TCPATOPXIC 

AGACATP31C CCPICCCCAA TTACGPGAAC OOTCXAAQAC CGAAACXAAA GAGGTCGTXC CAACAGACAG ADtfSATAAAT AGATAOAAAT ACATfUCAXAO 

1101 TKXCXATA1A TCTATTOTC tKICXXTCTA TCATCtAOCT AOCtACTCAC CTATCTATGT A1CCATCTOP CTATCATCTA OCTACCTACT TAOC1XTCTA 
ASAGATATKT AGAThCAM ATXQATAGAT AOTAQATQQA TCGAtOAATQ GATACATACA TAGATAGATA GAXAGTAGAT GGATOQATGA ATQBATAGAT 

U01 CCTATTTMT TGTITOTTTC TnTCTTTCA AACAOGATCT TAGCACCtAC CTXTQQCTOG TTTOCAACXC ACTATOAAGC CKXAACTGOC CICTIMCIC 
GOATAAAnA ACAAACAAAC AAAAGAAACT TTQT0CTMQA ATCGTCOATO GATACCGACC AAACOXTGAG TOATACTTOO OIKTZGACCO OAGAATIGAG 

U01 ACAAAGATO C ACTTOCCICT GTCTCXGAOT GCTGOGATTA AAAGCATOTQ OCACWCAOC CAGCXCCAGT AGGAOCTXTA GAACACATtT GCTATOCCTT 
TOmCTAOO TOAAOGGACA CAGAGACICA OGAO0CTAAT TnOGTACAC GGTCATCICG GtCGAGGTCA TOCTOGAAAT CTXOTQTAAA CGATMX3GAA 

1401 OCC1MGAGA CACAAC ICAG '1UT X A03 CC OCAGOCTOCC TOXCXAGAGC TTTTTCOCAT CCICTCTCCA CIUIA ' IUJLT TGAATCICIG O0CCA1O0GA 
GQGATICTGT CXOTIGAGTC AGGGCXCOOO GGTCOQAGGQ AGAGATC1CO AAAAAGOGTtA GGAGAGAOGT GACATAGGGA ACTTAGAGAC GGOOTAGQCT 

lsoi aaococtcao cqm a oo oc ctcctxcigc totcttaggc aaaoiocaao otatoggatc caaatogagc caaccctcat oocgcaaaag tcaagagaao 

TTOO0GACTC GCGOSTCQOO GAGGAAGAOG ACACAA1GCO TnCAGBTIC CATAOOCXAO GTTTATCTCG GTTCOGAOIA OX^ T HUX; AGTIOICTIC 

1W1 C * WT CPO <X*OMXMJi CAGCTCTIGA TCGATGOTGT CACAOI TOCA O Oe C OClOX CXOGAAGOCC CCACTATCAC AOOOCAGTTT OCAGAGAAAQ 
GTTTCAOAXC OaTCTCGTIT OIOGAGAACT AOCnCCACA OXGICAAGGT OXG OI SA OOQ GAOCnOQOO GQTGATAGTG TOGGGTCAAA O G I ACACmU 

1701 £122227 T6 £ ICTC0Cr CCA«CACA aSATCTOOCC CAGAAGAGGA OXTOGAAAAT OTXCIOOCAO C XOI C COiCP OAAGCAAGGC AAAGTOCXGA 
*«,wtwA AfiGAGA fi OCA OC3TATOGTCT OCTAGACGOG OXCTiCWX T CAAGCTXTTA CAAGAGGGXC GACAGGGCGA Cl ' lMUriUIi TTTCACGAGT- 

1801 AKaO0QCi q ACACAO *°CT OOCTTOCCAC TOCTOriXJUC ' IGayriVJL ' lU ctgaaattco tactqocaot actocxtooc toaggaocag aacaccxggc 
TIGTOO0GAC TOICrCTOQA OGGAAGCGTG AOCAOQACCO AOOCAACGAC GACTXTAACC AIGAGGOXCA 1GACGAAGQO ACTCCIOTC TT8TCGACOQ 

1901 £122222 AT ™ 0CXA OQCACACAOO AATCMXGGAA WAACAOGG ACIOCACCAC CTO C C CCCTr CICCTOCACC CIGAGTSAOGC TIGAAGAAGT 
TAOTOCTCTC TAGACTOGTP CCOXCXGTCC 1W1IAOCTT A1CTTGTOCC TGAGGTGGTG GAOGOOGGAA GAGGAGGTGG GACTCATGGG AACXTCXTCA 

2001 AGAUA-l 'lUL' O ttAAUACTO 1AACGGTGGG CAGGAAGOGC GAACGCTGGA TCAACATTGT CTOGTXTGCC ACXGAAOOCT tCGGAQAIGT TTOGQGGATA 
TCICGGAAW OOmZHGAC ATTOOCAOCC .CAOITJOOJU CTTOOGAOGT AGTTGTAAGA GACCATACGQ TQACPXCGGA AOOCTCTACA AAOCCCCTAT 

2101 AOCAOw Aw AOGAO O OCAT OCXCAAAGCO CCAGTZACTGA CZAOGCXGAA AGACAGAGAT CAGAAGGOIG AGGACATACC GC1QG0CACA GAAGGfUTXCC 
TCGTOCWO TOCTGOOOIX OGAGTOOGC GGICAtGACT GATGGGACTT 1V1WU T CHA GOCrXOCCAC TOIVJA I CKi CGAOOGQTQT CTTCOTCAGG 

2201 ISSSSSi iSS? 010 AOCT0CT0CT OCAGTOOCta ACTOCTPIOP CtXCACAGCT COOCAGCACO TOCAtCGCAC OCTTTAOCIT GOCICAOACT 
AMM3GATT TOAO0GACAG TOGACGAGGA CCICAGGGAC TCACGAAAGA CAAGTGTOGA GX UV CXI U U C AOQTACOGTG GGAAATQQAA CGGAGTCXGA 

M01 SSSSlSJf J£STJ2!££ AOMCTOIT CGCCTOACAO TtaATOCGM tGAAGGCAGC ATCGATGGOG OOCTCAA1CC OOCAGACATC TTOGATAAOT 
ATOCAGACCA TOGAACnOP tCATOCAGAA GGGGACPOTC AACTACGCXC ACTTCCOTCO TAGCTAOOCC OOGAGTTACG GGGTCTOTAG AAOCOOTCA 

2401 MiC^iS 222SE ICAC T00Ccnc ^ tceaocicat agcaoxacxq occtagaaga goggaaacio totgagaaoc agatoaoocp aagqcagatc 

AAgODCATCG GTC0QGAOTO AC00CAOACT AGATCGAGTA TOGTCATGAC CGGAICPTOT OOCCTTTGAC ACACTCT1CG TCTACTOQQA TICOOTCTAO 

2501 CWCC TCTC CATACAGTCA OCTCGQAAOO CAAAGAG GGA COCATICPTO AGATOCGTCA AGOOGTCAAA GOGCTPIOCA CTOCACAOTT 

OCTGGCGGT0 OICTOGACAO G1ATCXCAGT GGAGCCTTOC GTITCTCOCT GGGTAAGAAC TCTAOOCACP TOOOCAGPTP O00GAAAGOT OACGTOPCAA 

2601 SSIHFS AAXCTCM0 ° OTCOCTIGAT CAGTOGTGTC GQQOCPTAGG ATCPOCTOCT GPXGCXOCAC TTPAGOOOCT OUX/1U.T1U G C I CrmX T C 
, GAAGGAOAOC TPTGAOICCC GAGGGAACTA GTCAOCAGAO OCCGGAATCC TAGAGGAGGA CAACGAGQTG AAATQOQOGA OC0CAOGAAC OGACAAQQAQ 

2701 22S5HI2S2 222E TOICO 0CrmGACT cco ata anc ogaggattpa ggtcacoggo iggagagoxg iic - ioxa/it ocacacoqot gttoopatto 

TOWZATOC TICCCACAGC OGAAATCTCA CO GCAOOCAG GCICCPAAAT OCAOTGOOOC ACCTCPOCAC AAGAGOCCAA CGTQTOOOCA CAACCATAAC 

2801 2SIS2S?* OKATOOTC CAATAATCAT OCTCT0OCAT AGTGAACACG lCOJULVUJU TPACTOCAGG CAOAACOOQQ AGCAOTGAOT 

AAGAACCOGA GCAGGTOCAT CAOTATOCAO GTPATPAGTA OGAGACCGXA TCACTPGTQC AO OO O O OiUC AATGACGTCC UlVl ' lUJUUC TOCri CA CX CA 

2901 ssss ?ssss sssss SSSS S^SSJSS^^^S^S^ 

F/G. 3CM 
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3001 * 0T gaAWC ygg ^^^C T CACAIT11T1 1 OCTOOOCMta AAAOCCTGAQ TBCAOCGGOC CTOCATOAC TCTATOOGAO OGAATATCAQ OTTOCAOCC 

Tcwsrnco aocaotuiga crrgaagaa cgaccoowc tiioobacxc Xcgtcocuoo gaacgtcaciq agataccctc ccttataotc caaaxgtcqq 

3101 CAATCTAQOO CAGCIGOOGA ACCTQCACTT 00C1MOXRC CCftCCAASCC CCTCCCACAC CTXOOTCMOC CAGAGAAACC CASOOCACCA OQQCnani* 

otocwcoc gtooacqqgt togacqtoaa oogaiccato oaiaartAao aawcxTiaza gaaccactoo o iciLiviUi oncGoroor SoaSSSJ 

3201 CAAAAM3Q0 C CXCACKWIU GCA1GGGAG3 CCXCOOGOC AtiUQULTlUi GMOCTOQOC GOOOAOCTXC TOGAAlCXCa gnJHA TU U P wtim.,^ 

crmrcoca gactccccac acrwancc ogacatcoog toccaawwcc cticgacooo coccicoaao ACcracAcc gacaozacqq SStttttct 

3301 AOCAGACT CA AGAAGAGT TC CXMROGCr OOOTTTCTOC CCTTflaTIU CTCA1CCTCT gnwwpm* CATTOCOCXC CXCGAAACAC AOCIQCMC* 
TOGTCXCACT TCXTCXCAAfl GKXCAAGOGA CCCAAAGAOO GGAAAXAAAC GAGTAGGAGA C CO Q OmuUU ODUUOQOGM GAGGTTTGXO TOQMOXOT 

3401 AAGQGFXGAGA TI U X A OAAC OC CA qXCC A OOAGAO CTOO OAAACAGAAA AOCCXCOOCA AGAOCAAAG? CAGTAOQC7XC Annr^^ if^ GQGATAACAC 

ticccactot Awooicrro oocicoqggt ccxcxcgaoc cmuiwr tqqgagqoot tcxggttica orcjaooao i wiw uct ccctctgto 

3501 GCTTAGC1TA OCIQQOUOQ 1 GSAAAQAAQ CWOWITOT CAO0CXCKSA GOCAOXCQCQ TDUUCTOCC OTVOCCTWC TTPTOTMA GTOOOACCAT 

cgaatcoaat cawxocioc accttictic qeacacaac* oxoogagact cancAGoac aatkgaos acxcggaatg aaaaatatit ococtq^ 
3601 ooroeeiroc cicwcaoct onraramr tocoxoaoct aqaacaoaca amoqttxco tooctogaot agcttccaac tcmtoccht aagcogtat 

CCACOGAACG GMJtWTOa CAACICICTA M0CACXCGA TCnUICTOT TTTGCAAAGC AOQOAOCTCA TOGAAGG1TG AGTAAQGQXA TICOOCAATA 

3701 UOATl'iSACIO TrTGAIGAGG CTMOTOCTP OICCCATGCT AHXCCCOCT TCGAATCTGO ATXTXTQOQa CAAGAAOGOG QGITOOGGOA OAGCSGGGAA 
OCEAAAIGAC AAAClftBTCC GATCCACGAA CAQOOTAGOA TGGGQGGCGA AQCTTAOACC TAAAAACCCC Uiai ' l ' lUJUU CCAACOCCCT CXCGACCGXT 

3801 ocAcmtMi gaoot mc Tmcrrcic mmmomc aaagchgav riciouajm tocitom ctczmgcto gotqteacao auMOAAor 

C9XGAAA0CC CCVOCAAAAG A AAAGAAGAG Wl'lTtCTIU TTXGGAAGTA AAGAOCGGNQ AOOAACAAGA GAGATICGAC CCACAATOTC OTATOCnCA 

3901 aoxgggtcao aoictattct TcmciTXA trraniM Krvaaroa vnAtorrr? qtgtksaagt gicxgczcac atoiocatct gxqcaccaca 

TCAGOCAGTC TCAGKXAAGA AGAAAGAAAT AAAAAAAATC TAAAXAAA3A AAATACAAAA CACATATXCA CAGMOGAGTQ TACACGTNZA GACQ1GOXGT 

4001 TocATOTcrr QiQicniaa agctcagaao aoqocittga atxocctooa actogaotxt icMCK7m toaocio o qq taxaaKxocr qmsuvzcxaa 
AcancMZfcA cmaaux TOtaoicnc tocgkaact twxxacwocT tocctcam acttoicaat actogacooc acmxtacoa ctcttaotxt 

4101 COCAw lw*- CI TO\SMC AMJ1M.1U1T MAOQCTQM3 OCATCTTTOC AOXCOCM3M3 C O CA TlU.m M9CTTXCAC TAA1CCATIQ ATGCXCGOOQ 
OQCTKCAQGA QACATTCTTO TXCATSAGAA TTTOOBACXC GOTACAAAOQ TCAOCJOrCTC OCZ3TAAOGAC tGOQAAAOTG ATTAC97TAAC TAGGA0CEXX 

4301 y??^* " OOCACAOCT T CAWGACCTC ATTTATTTTA AAAAAAAAAT QCSACTCATTO GOCATACTTT CTAOACTCAC AXACXAAOIQ OGATPTCICT 
CTDQTOOac OQOTCIQGAA OmCIOGAO TAAATAAAAT TTPPTnTEA OCTOMSTTAAC CCQTATQAAA GATC1GMOXO WGATXCAC CCTAAAGAOA 

4301 AT^AACXAOT OCTCACKSOO G1AGA0IQCC HUVWIUJU CCAAATIOCA AOCACTOQCA CACTTCIQAA OCCCCTCOOT rnClUfl ' lLT OIAATCACAO 
TATPIC1TCA OGACTCAOCC CMCTCAGQC TOCAAAAOCC OOrPIAAOOT TCCTOACOOT GflGAAQACTT C OC O GA GOCA AAAGACAAGA CATEAOIOIC 

4401 C-mUIIUIC TCn«C»T OCACOOeAOT AGTCTCAOQO O CAAAAT CAA AGACBkAMXT TCACTCCCTA CAOAOOOOIQ AAOCCEAAOT 

COC1C0CACO GAAACCAGAO AGAAGACATA OCXOGOGTCA TCAGAGTOOC OJl ' lTliACl T TOTGATTXAA AATGHOQGAT OXC1GCCCAC TXGGGATtCA 

4501 f 0 *^^*-***' AT TOAAOOOC TT PACAAT C TCAAC TOOGA TXCTXTAAOC ATCCOOAOOq GAOGTQGATA CATGTAOOCA CCTmLTlU? ACATTTIGGa 
CC1TTO0CCO TAATTTCOCG AAATXCtTAG AGTXGAGOCT AAGAAATVGO TAGQOCTOOC CTGCKOCXAT GTACATOQGT CGAAGGAAGG TGTAAAAOCX 

4601 ^y* ?*? 300 AOC0OrM3CX AATGGAAGAC AULIUITIAC AOCCCTITCT ACAGCATCTT GCACACCAOC AAGGGGAGAC TOGGGACAGQ AOOCGQAOCC 
tiu«;jUA. TCOQCATCCr TXMXT1VXU ICCAGAAAIO 1COOGAAAGA TGTOOSAGAA OGTOXGGTtXt TTOOOCICTO AT r TT T ' "n V I fl T O QL TDOQ 

4701 iSSSISS Cr0aCTOGWS AOCTOGGOTA QUCTmOAJC ISSOflUWi OTTrJOTOXO TOAAACCDSO Al XfcUJUULtl tCAAATOCTT GACTCTOCTO 
TOCAGACCCO CMCOGACCIC 1QGAG00CAT OOBAACX30QQ AOOCAOOGGC GGOCTOOGGC ACXTTOOATC TOOQOOOOQC AOntAGOAA CTQAQAOGAC 

4801 ^SSHSSS. 'J2}' AU -" lU1, TO0CM CrT ACCI tXXXa U TOCTTAGATT OGAGCAGCOC yi ' lWl ' AUJUJ GGAOOGOOETT CTCBCCCTC COSOaXCIGG 
CAGTCXOOGC AOCUOOACA ACT0G3MAA tOBAGGOGAC AOQAATCEAA OCTOCf lU JU U H^ACfcAfiGCC OOTQQCOGCA GAGA1GQQAG OOCOCAOACC 

4901 TE TCT0CCrr CAiaaocnc cnAGtoacr aAotcoooaA ujiuxxtiu: roawiwr toocactig tagoocagca ocrTtAcoaa 

AGGimAAO AGAGM30GAA GnOOOGMO GATXCAGOOA CXGAGOGOCT GGAOGGGAGQ MGAAGAGGA AGATSTOAAC ASGQGGTOdf GGAAATGQGC 
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1 GCAOCrOOOC AAAOGTTGOC GATOCCOCRO CAAAOTATAT AOOeOOTOOT TWXACAAOC TCAGAACVrT TAOCCGAAAO UUUUL ' HJLLT AACCCGAAOC 
CGTCGACCCC TTIGCAACOO CTACOOCCAC GTOCATATA YOGGCCACCA ASCGTCTTCQ >CTCTTGAAA ATCOGCTTIC CCCOGAGOGA fflOUULTAUU 

101 TAGQGAA0TA GQTCGAAGAAA AAGAAAAAAA AAATICCAGA GAAQCTTCCA CACCCTCCTC CXCTXO0CIC TTOCTTCAAA ACGACrOGAA OXOOOCNJIC 
ATOOGTPCXT UXLAlU ' l ' lT miTi ' l ' lTA TTEAAGCTCT CTTCGAAOGT CTCCCAOGAQ GAGAAOOGAG AACGAAOTrr TCCTGAC8TT CAGCCGTCAa 

301 ACCCICCACC OU3CAAGAGT tAOGQCCTCQ AACCCCCCIC JSCOCIOOCIC CCCCTCCTOC CGAACGTAAC OOOQCaCOCq T0OC7DUUOC OrCACOCCCT 
TOOSMXriOO GTCGTTCTCA A TC CC O GA GC WJJJX C M TCCGACQGAO GCCCAGGAC8 OCTTOCATTQ eOCCCTOGGC ACOCKXTICO CAC lUXCG A 

301 OGA A ' I C C TCC GTCrCACCCO OOOCAOOCAC AOGCCCCAOC C milUXi 1 CCOOCffXU: TCACGTCCGG CCACQTTCZA TTTTCGAAOO CCJAOQOCAC 
CCTDSGCAOO CAGACTGCOC muU ' lUUIW 10JUUOJAU3 O0CM0 CO Q 0 COOQ O CO O Q O ACTOCAGGCC CGTOGAAGAT AMAGCTtOC O GCAUJUUtU 

401 GTXGCTAAOO (W3O0QOOUB OGHUX.T1W TCATTOGCTG T0Q C Q O Q CX O CTRMOOCXX TCMJOTTOC ClTUJliMl ' lT OEAGAOCOTA CXXUJU ' l'lUU 
CAAOGATTCC L ' iWXUJlU CCACCGAAAC AC&AAOCGAC A UJUXClflC GAAATCOGTT MRCOCM0Q OXAOOA'EAAA CATCTCOCAT OQACOGAAGO 

soi nuLTi ' iTiu mmiTiOC cciuliujug o ic i cca aga GGAGACcrAO CATxerrarc gccatcgoga ctcottoica ccccatogtc taooMoaicr 

AACGAAAAAC ACCAAGAAOa GCACGACCCC «GAOBTICT CCTCTCGATC CTAACAACAO CGCTAOC CC r OAGCAACAOT GOGGTACCAO ACGCICCJCA 

601 TOIOTOGACC TCATAAOCTA GACGCrTXTO GCrGACTOXT ACCGCCTCtA AGGOGGAACT OAAGOCCTCA TOCTICICAO GCACAGATAT 

ACACACCTGO ACCAGACAAC A0EKRGGAT CTCCGAAAAC CGACXCACAA TCCCOGAGAT tGOOOCXTCA CTCCGGAGT ACGAAGAQTC COTQTGTATA 

701 ACCTOCTCCT GMCTCTAGA CACICAOTCC TTCCGACOTO TTCAAACACf AGATGACCEA QCCTACOGAO AQGCACOCAG tim/llllTA AAAGGTCIGC 
TGCACGAGGA CICGAGA1CT CTOACTCAOQ AM3GCTOCAC AACTTTGTGA TCTACTCGAT CCGATCCCTC ' 1UXT1CJUL/IU CACCAGAGAT TXTOCMWS 

ooi cTicocrao ticccacgct ctcattogcc agqgatxcag culituuut c occacocccc camnun taaqccxcta gcaticcact tccgggaago 

GAAGOGAATC AJOGGTO0GA CACTAACGQO TOCTUtfJIC OOOAAOCOAO C U KU0 U OUU GATCTCATCA ATTCOQAGAT CCTAAGQTQA AOQCC C ' rilX 

901 ffwonrooa gggcgtgatg gaccctectt aaaoxoocMs moc t x tot c acoccatccc ciqcaagaca otctgagaga vicnajLuw cacttxtcic 
cococcax jc cacocAcrac cxocgaagaa uxxrmouic taooatacaq toqggtagoo gacgtxctot cagactctct aagagcgaca qtgaaaagag 

1001 TGCCEATCAQ TXCACrCXAA OCIQXCAOIC TCAL'iUAAA QAOACAOACA CTCOOAAOOQ AIOCICtCAA OML T l iA OQOC UII UUJCA A CAOOOTTOOA 
ACQQATACnC AAOTQACrXT OCACAC7XCAO AgiGAOOCCT CTCTOTCTOT 0AO0CXT0OC TAOQAQM7XT GAQAATQOOO O UAmUKXIl'f QTCX3CAACCT 

1101 ACXQQCATCT O CUXmCCU QKOQOCICAT O CA tfiWO M UlUVUVl ' lVV OTOXttAGTOQ ACAOQAAOOC TZOQCZAAOO OL ' lUlUX ' lti TCUC ' IUXIC 
TQWOCXMSA GOCO GA COC C C T OCOG AOTA QOICACCCCC CACACAAACA CACACXCAOC 11.10.11001 AAOCQATXCC OQAQM30QAO AO0QMX»AO 

1301 TGTOC7TQ00Q O1TU0QQGOT TTZOQCTOTA 1QXQXGXQTIG AASOXClGflO OCXGCATCOC GGBAUITIUF CACCMX7TXC TOICCAOOCT OC7CXCOCAC 
ACACCACtrC CAA CGLXXCA AAAOOQACAT ACACACACAC TEACACACAC OQAOQTAOQQ OOCTCAAACA OTOOTCCAAO ACMGOICOQA OQAOAOOOTC 

1301 CCM'X IXiXX ACAOCEAM3A OTCACCAACC CXAGG1X7XQA TtCACCAQCC OCXOOAAOOQ TOCAACCTTT OTOCflAQGAA OAAOQMOQAO OJTAQAAaOCA 

o aiouuuum tctiogattct CKnaonao gccocacact amttogtooq cu o l t iux ; agotxqgaaa aoaocxocrr cnocrocxc catcrcoqt 

' 1401 QTTQAACAQA ATCICTCATT AACCACTOOO TCACOCT IOTA OTOC3AAOOGT OJJiUVLUlM UJATmUAT TOT OACACAC ACATOCACAC OOQ C 1 CA CCC 
CAACX'iX/TCT mOACAOtAA TT0OIQA00C AOK30CACAT CAOCTTOOCA OOCACAACAC CGAAAAAOQO ACACTOXQTQ TC7EAOGTQTQ OQQQAQIOQO 

1501 TCTQCTCACT CACAOOQXOG tfimCICTIA UCLUlCTiOO GOSHOTOmrr OTC GCflG Q C T T IWTAmt/A ' WCTACOCC T OTGTOTCIAT OICICAOCCC 
ACAOGAGTCA GIGXOOCAOC CMZAGACAAT AGAOACAAOC COCMCACACA CAOCCACCQA AACAAACACA CACATOOQOA CACACACATA CAGAOTOQaO 

1601 OTAOGAGTOC OJUU.IUICG OQOAMTQOC iXjUL T llXTlC OIGCCAAOXI TCAOCOCAAT CACAAOCAOC CAOOKXCTTC AQTOOCPDaT QCAAOCCAOC 
CATOCSCAOO OGOCCAOAGC COCTXTAOOG OOCCAOOAAa CACGX3TTOQC AOXOOOOTCA i/AUVlOUriUil GTOC1M2AAO TCAO00AOCA OJVlXMiOM 

1701 CICATCTCTT OCATOOCOCA OIO0CACXX3Q CAOOCAC1UQ OCTOOCAOOC TOCAOCTQTT GAOOCTTA'TQ AGATOCCMOO AAOCAOCEAC TCAACCCCAO 
GAOTMGAGAA GQTftGCOQGT CA QCPPOO CC OXOOGTOAOC QQAOQCTTOOG AOCTTOOACAA CTGG5AAXAC TC7CACOGTCC TTOOTCCATO AOTTOOCXnC 

1801 OOCTGAGTOC CTACAOCACT OQOGOOOCAA OOOQAAOIOO TC3000CTICA AOCAOCACAA OCAGCAOXQG AOCIOTOfZCT UXCG1UCAO OCAGAOOCAO 
OQSACICACO GATOTOOXGA CO QCCCOVrf O00CTTCACC AOOOOGAAOT 1W1U/1VIT OOXOGTCACC tQSACACMSA CUUAJ W Jt/lt; GOICXOQOIC 

1901 OCCTAGAAGA GCOCQAOAAO AGACAGTAAG TKXQACOOCT CAGQAOTIGO GAtOGAOGAG OCTAGCTAGO C A1V1UUULT CAORTOnC AGTQOCTTGC 
COGATCnCP UXJULlVrXC ICXOXCATTC AlACTOCGOA OXCCXCAAOC L ' UUJLUU. ' AV. ' GGATOGASOC CtACACOOGA GTCAAACAT9 TCACGOAACG 

2001 TCCCATOCAT GAAGATOCCT AGCACAGCAT AAGCCAOGAO TCGTXATOCA GACCTGTAAC COCAGCICXC AGAAGGTOGA OGCAOOAOGA GCAGGAGTIC 
AOOGTACGTA CTTCAJGGOA tOJVULXJJlA l ' lUttJAUJlU AOCAASUOGT CTOGACATTG G03TCGAGAG ' ICI ' I O CACCT CaWXTUC T COTOCTCAAG 

3101 OAGGOCM30C TOSOCTACIT A3GGAGT0CA GOCfGCACTg CAAOAGATCA TDOTT1CAA AAGTXGCOCT TOQQQQGAGG tGGOIGAGGG AAGTMGAGA 
CTCOQQTOaO ACAOGA3CAA nOCSCMST OGGACGTSAC GTXCTCZW3T AATAAAAGTr TTCAACOGGA AOCGQGCSOC ACGCACTGOC TTCATTCICT 

2301 AAGTGACAOT AATXTTOTCA CTXAATMSTT GGAGGTTOCT GTGAGGCCXC AAOTCXQAAO OAACTXTAOC ATTCXGGOCA GftQAQGAGIA OGGGTTMTtA 
TICACTOTCA TEAAAACAGT QAATDOCAA OCXCCAAOOA GACTGCGCAQ TTCAGACTTC CTIGAAATGO 1MGAC0GGT CACTOCTCAT OQOCAKXAAT 

3301 TXTGOGOriC AGGAOGAAGO AAOtTRCTT AOSGCXaAXA OAGOnOCCC CAGAtCICAT OGTOCTXATC TCIGACZCAG CTEAOOOCAO AAGAAGAAGA 
AAAOOQCAAG IIXIUL ' IIU: TXCAAAAGAA TOOCGACEAT CIGCASGGCO GTCTAGAGTA OCACGAATAG AGACTGAGTC GAAIGOGGIC fXCnCl ' lUT 

3401 AAAOCGAAOO GTT COCAGAO AOOQQAACAA QCTCGCTGCA GCTAAGTQCA GGAAOCQ TOQ GAOO GA G C T Q ACAGAT CGAC T TCAOPOOOT MGGAGGAGT 
TrXGQCTXOC CAAOOGTCTC TCGCCTTQtT CGArOGAOOT OGATXCACGT OCRCGCAGC CIOOCXCGAC TGTCTAGCTG AAGTCOGCCA TXCCTCCICA 

3501 CTGGGGCIGT CTXGMQGOGG 1GC1GGGAGC ACXCSGCCTT Ul ' lUTlUJUC CGTTTCSCAC WWitfrn TOCTAAACGA CGMMXCCP TCRM30GAA 
GACCOCCACA GAACZOQOGC ACGAOXTOO TGAGAOQQAA CAAGAACCOG GCAAAGAOTO ACACCGACAC AGGATITOCT OL ' mUUUUU AGAA1CCCTT 

3fi01 CAOGGGTCAG TA TOOOCI CA TOQAGT OGCT OCAT A TOCAT OC TCAGACOC A TOOCCACT T ACTT TOGACT GTIGCOCACr 1'ICCCI GAAT ATGTOCCCAC 
GTODCCACTC ATATCCGACT ACCTCACCGA OGXAXACOTA CGAGICTGOG TACGOGTQAA TGAAAGCTGA CAAGGGGTGA AAGQGACXTA TACAGGGGTG 

3701 ATOTCACCCT C CTOG C mC 1C1CAGCCEA AGGAGACAAG CTAGAGGAGG IAATTCTCTC ACCTTCTTTT CTTCACEAAA TAATAATOCA TTTTGOCTTC 
TACAOTGGGA GGAOCGAAAG AGAGTOOGAT llUCitflTU GATCXCCTCC ATEAAGAGAG TGGAAGAAAA GAAGflGATTT ATTATTAGOT AAAACQQAAO 

2801 CroCCTOCAT TTXTTTTIOC TGAGCXOGOO ATCtAOCTGT CGTAGTXCAG C JUMXtRX t : OGAACXTGAT AGCCTCAAGT T TC AGOC C TT GQCXQAGATG 
OAOOGAGGTA AAAAAAAAG O ACTOGAOOCC TAGATOOACA GCAtCAAGTC QOQAGQAOOO GGTTQAACEA TCOGM7XTCA AAOTCOQGAA CCGACTCEAC 

2901 CCATCATOCT GACTGGCTCT GGCTGGAAAC "EATXTTGTGC TAAGTCAATT OCT1VIV1U ? TACXTCAGCT AlCTACAGTY CTOCCGAACT TSAGCIGGTQ 
GGTAGEAGGA CTGAOOGAGA O0GACCTTT0 AEAAAAGACO ATXCAGTEAA GGAAGMOAQO ATGAAOTCGA TAOATQTCAR GACGGCTXGA ACTOGACCAC 

3001 OrwCCC A CC A ACOCCACTTC yriCAUACTf TTTEACCICA GTGCAACCCC OCACACACAA AACTECATOC CmULiX ' IlU AAACCAOGOT GOOTCXCTGA 
GGCGGGTQ9T TCGGGTGAAG AAAGAGAGAA AAAATGGAGT CACGTTQGGG OtfAWtfltflT TXOAACTA00 CACO00GAAC TTTGOTOCCA COCAGAGACT 

3101 CTCOJO/lUj GGACGCTGAA OQAQATQOQT AACAGAAOCT CATTAAAAAC AACACATAAO CATTACCEAC TGACICAACA AACTGTAGTG TTTOtCTTTT 
GAC<3GGGAGC CCTOOGACTT OCTCEAOOCA TTGTCZTGGA OTAATTTTXG TnTTOTATTC OXAATGGA1Q ACTGAGTTGT TTGACATCAC AAAAAOAAAA 

3201 TTCCTCXCAA AAAATTATTT CCflTimTIA ' IVlATAATri 1 UUTIA ' IWIT GAQTGMOTGC TGGTGCAOCA CAGCACACAT ACGAGGTCAO ACCGAAATTT 
AAGGAGAGTT TTTEAATAAA GCAAACAAAT AAATAATAAA OGAATACAAA CTCACXCACG ACCACCTOGT aitXriCflCHiA TSCXOCAGTC TCCCTTTAAA 

3301 tCATAGTTTO TTCTCTCCTT IXUHJl ' ll/lU U;AU,T1U.T GGCAATCXCC TPCACTCAGT GAOCTACAAT UJXtX'1 ' ll.T OOCCTTTAAG OCAGA0TACT 
AOEATGAAAC AAGAGACGAA OOCACAACAC CCACGAACGA COGTEAGAGO AAGTOAGTCA CTOGATGTTA COGGGGAAGA COQGAAATTC CGTCTCA1GA 

3401 CCTtACTACA OOGGGACC CT TXCCTCCGCC TCTCAAAGTT GAGATEACAA ATGTTCACCA tCACACCAGG CTTGGAGTTC TTGCCTATCA GTOACGTCCA 
OGAA1CA1GT CCCOCZOOGA AAOGAOCCCG AGAGTTTCAA CTCTAATOTT 13CAAOtGGT AfftGaGGTCC OAACCTCAAO AACGGAtAGT CACTGCAOOT 

3S01 CTCCTGCCEA GCTTCTtCOC AACCATCTTT TAOTCXGATG OOOAAACOGA OQCACGAGTA CCATOGlVtA OCAGGATTTC CTCTEAOGGG ACGGXCCCCT 
GAGGACGGAT O» A fi A^3 0 S TXCOTAGAAA A7CAGACEAC CCCTTTGOCT CCGTBCTCAT C0EACCAGAT OOTCCEAAAO GAGAATQCCC TGCCAGGOGA 

FIG. 4B-1 
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££££££ JSSSSS JSiE™ 0 f2?"222°? aaotiactct otoioncoc rojMxwxax 

CTCAACCCTC CCX0C ^ a 0 ° TOOOSWSWC WOXCCTCOT tCmCATKC TCACACCCCA ACCCOCCCAC TTOOATGACA HrVTAQTQ ACXQQrcOre 

TTCTOCmC TCTOTCTCCr ATGAO C T OCC CCTOCTQOCA TCCATBWSA AACICKXCMI 'cTTCAAGAOQ AftAftrTTAflft ttffisumn 

AWACGAAAO AGACAttGCA TQBM CC pgACOACCCT AttrftATCCT TOAcSSlC SSS^S ifiSS SSSSSS SwEgg 
AQCTSCAAAA AfflfiAAOGAA CGOCIGGACT TIUTOCTOGT OnCCCACAAA GCQQGCTOGA AGATGOGCEA exzucuxxn rmwmon rr^r... , 

TOwcorrn' icicnocrr ooogmcick uckomck esoamam oorecGAnv tcxmqognt octtctcooc oqooogootc ooooougoo 

= = = = ^JS = S2SSSSS 

4101 OTTTOTOCT CK E TOMU 0 WIC 1 CUU U^ OUiauJ CSCCCAACOC ACCAOCGOCA GCGAQCAOCC OTCCOACOCQ CIOAACXQCC ocam^. 

******* GTOOACOOCC CTCCACAOOC GCAA0CO3CC OOQC OT I OCU TO0IC0COT 555x55 SSct S s C GACTTOM0O SESSSoI 
" M SSSSSi JSHFTSlSSt <aAmAAAC *MC*AAOCC CCAAOQAACA AOOAOQAQGA ACA7SAOGAQ OAGA0QOGAGI OAAOCAOICC OOQULTlinim 

aocaoacatt tqaoaaatct otttottto ttxgrtqqo coticcrigt tcctoctcct tctactcctc stsscnc cttco^ ssssss 
SSa^EE^ 

ww -" fc *-™*» #ww«w«WW GAGAGACIwQ TOZACQQOOa AGAOOOTAQC CTC7TACTO0C TTCCTOGA03 AAACACAAAA GACQACACAC AGACCAAAAO 

SSSS gggSS SSSS SSSSS^ 52^°= towatcit tqicciqita cttcaaccca 

AOOOQOQOC CCICTOOCCP CICGACCACT GAAACOCCXQ TOOCCACOC OOCCGCTACT W1UUUU AOO ACGTATAGAA ACAGGACAAT QAAGTTQQCT 

4501 SIS???? A'TOMoocr gaciottoo onoaaroco otocaacooc caccittoqc ciwm i uflu aojciqgms ogaaaoaoto cnzM»cm» 

TOAAGACOOC TATCTAC CQA CTGAOCCACC CAJOOCACOC CAOQTTQOQQ GTQGAAACCO CAGAATOCAC TOCGACCTX CCTTTCTCAC CACTCAGACC 

4601 SSSSS SSISSf ?* ? i"°? L CW0ACCCK aogaooaaat gacagcacco i c cnjiu.Tr f. r i- ri ^y aoccacccat 

CCACGTCCCA OCCAACTQCA CCICGACOOT ACGTQGACOT CTCTCTOOGT TGCTCCTXTA CTCTtCQTQQp AOQACACXZAA OAAAAOQGOQ TOQGTOGOTA 

4701 ? :AgGC TCAX _ OOOTq=AOOq tcaccaagm Aoctctoxw TUL'iujcim ooccitaoct gattaactca acatitocaa gaqgteacaa am**™ 

^^^^^^ f 0 ^*^ 10 ^ ACWPHCTA TCGAGACAAA ACQAOOGAGC CCOGAATCGA CtaATTQAXT TOEAAAOCIT CTOqStOTT QQAOGATOAC 
4801 SSSSIiJFSi ?° 00ajaXCT CAQQCXAg IC OATOCDCOCT TTOOGAOTCT OCTAACCCCA «"i » u « ryy j ATTOCAAAAT CTOAACOCCT Aluimuni*. 

CTOCTTAACT CTO^tA CXCCCrTCAO CTOGOOQOA AACCCTCAGA CGATICQGQT GAA^QCGAC SSoStSE oStS[ SSSSS 
4901 TCAGTCTTTC OCTCCXOQGA AAACTOOCTC AOOTTGGATT Tl ' l ' l ' lU. ' lV.U TCTOCTACAO AOOCCQCnc CAAOCAOX* rrmrmr rinni 

*CTCACAAAC QGAOQACCCf TTICACOGAO TOCAACCl^A AAAAAOQAOC AQAO^TOTC TOGOOGGAOG OTTOAOTCOg O0C0XBQQTO OGCMhSoOlC 
5001 TMTATOCTA TOTCCCTCTC AOOCICAOCC OCMCCCCAOQ C OXtTlXW CC/AlX.mU TT OOQCCTTACT mi ' l ' lium * Juriaxnr mmu^ . 

A^ ATACCAT AC AOO0ACAO TOOOAOIOOO OTOOOOrCC OOOOOAAOCQ SgS5£5S SSSg SaAAaSS jgjggggg ggg 

5101 SiiSiSf 225525!™ ^^^^ TOOTOC7ro0 OATTOCTOCa COCOCCOGAT OOCATTOAOC CCCAOXCIC CAAAACXTIT CC lOjUUL ' m 
GgrWA0CX 0CTCCCQW ^ TATCACACTT ACICACCAO: CXMOQAOOC OOQOQQOCTA OCCTAACTGQ O0OTOGQ»a CTTTtSSaI SSSSSS 

5201 SSISUS i£FF?? T0C ^Pe x^P^ ' ^ ' TcacAocacAo ttacactcqa aaooatgacc accaojcatc cccgtc ox t tctioctcao amaoACT 

° QCM>QMOS ™*OAA« AflCCACQQQA ACIOKOCTC AATCTOAOCT I'ALC'l iA L'AUi TOTOOTAO OOQCACCOGA AQAAOGAaiC 

iiSSHS CCIMaAOOC CAACTICXCC CCAOOCTOOQ AOCCOCOCAT CCXC2CACAO ACQTOQAOd^ AATTTTCAOA 

^ AACACAAA WCAO0A AOC OOAAOOOOTC OGATCCTOCO (OTgAAOAOO QOIOQGAOOC TOOC3QOOOTA OOAOAOTQTC TOoiioCTOCO TTOAAXOTCT 
SSSTUSi U * iu * uKO0C WXOQC1C0C CTXTCCTOOA TATTTOAATC COCAAATAQT TXTIQGACTA OCATACTOA CAOOGOQCIO AORCCCACT 
CTICAAAAOr CCOQACTCOa AAAOOCAOGQ GATAOGAOCT ATAAACTEMO GOSTXTATCA AAAAOCTQAT GOTAXQAMT S XSS jj ); tcSSSS 

ATCmCTOC ATCCAATTCC TTCAOT0CCA AACACQAOtT CTCTOCCTTC CCTCCAOCTP TCACCTCQTO AOkAICCCftT euneftOL<rv prini.Ji- 

TAOCOXGAQO TM30TTAAOQ AAfTTCAOOOT TXCXGCTCAA GACAQCGAAO GJCAOQICGAA AOTOQAjCCAC 1CTTO00OTO CTCAOTCTAA AOWUUUUQA 

5601 %S£E£2. 1 * =coocoo r S5?°? racr «arocAA» ttccataocc torx-iujuc cctau/i-iu: aaaociaatc ccaaacocca 

TZATAACOOC TCt XQXOJO ATCOCQQQCA OQQQQCACOA OQTAOCTIQT AAOC7TATOCO ACAOQACO0O OGATOCAAOO TTTOGAT73UQ GCTTOQOGT 

WM SSJSSl 112525? 'owwrice eujMmc totaiciat tootatxaa umatmcait mxKtvm moas o s & t gto coiwuj 

O00GCfrUay AAWWOCAA MGAGCAAGO C friTauUlU ATACATATTT ATTTA1ATAA TM9mCX» OOCO^ACA CACOCACaS 

5801 SSSSST 2£CITOIT OXTriCAAar OroCXOXQaA OITCAAAATC OCTTC1UUUU ATITCAOTCA OACmCIOO CiaiCOCTTT 

C*COCACOCA COCAOOCACC CPOCAAQOAA CAAAACTITCA CAOOACAOCT CAAOTITOO OQAAGACOOC TAAACTCAOT CTAAAOACC OACaSaAA 

SSSSII aa^aIS^ ISSSSS ISSSSIT ° CMfC * a TC ^ UJL ^' IU TTCTCAAOTC TOTCIOOCTC AQACCACXTC 

«CAOTOAAA AAACAACAAC AQAGOCQAOQ ACACOOACAA OCTCTOTCAO GX3QOQQM3AO OGAAATMXA AAOAdTCAQ ^rMMPSAO tClOOIOAAO 

6001 SiSSSSr 'S? 010 " q qCUJM U TCT3TTAATT CtOCAnTOt COSOOACATQ CAATZTXMCT TCTQTAAOCA AOTOXQACTO 

pTTGfPC AgA GCTOAC AOCT ACTCAOACI* OAOQCCAgAC AflACAATIAA GAOCEAAaCA OOOOCTOTBAC CtoSaAATOA AjsAoSiaS lOCACgSg 

610X 2S2S!2^ CEWMa7IT ««ATICro OOI OSAAATO TCIQWCA03 JUQAAO00CCT OOCACIOCOa ACCACAATXC ATIQACICCA 

OCAC^CTCtA AA AAATOrtA CTOOKflCAA CTCTTAACAC CCAOCTCTAC ASACBAOIOC TCTICOOQCA OQQXGAO0GC TOOTOtSaO SaCTOAOOT 

HSE5EF2E 99 A *** W I * TrroiCAlTP TTTTCATITP OTTTITTTOr ATTXTOCAOC TCACCOOGOU « w*" i n»i CMRCTMCA nrnriav 
ATOOOSAOTO OGTOOQACMP AAACACP^AA AAAAQflAAAA CAAAAAAACA TOAAAOOtOO ACTOOSOOOC CCaOOAOOOC CtSSfflyOT SSoOOTOQA 

W01 SSSS SSSST «™AAAA ACXaDaOCT TCAOCTICAAA mmuiUriT T00CTOQACA TCTACXACAT 

Q °°°» O0QQ8 OSAAOCAACA aTTOACAQOO OTEATtTTIC GAAAATTXTT TOACATAOOA AGTCCAOTIT GACAOACAAA AOQQAOCTOT AoSSom 

6401 S2SITSSF7T CAC ^ AAAXC0 CAC™WAT TCCTAaOGAA OICTAUL ' IUJ CACTZMTTOQ GACOCCCAAC QAATCAOAAC CTACAACOCX3 ACTAAAAflOA 
OCQAAOOAAA OlCTTnTOC CTCAAACCEA ACGATCCCIT CAOAACGACC OTCAATCAOC CTOCOGAtS CTTAQTCTTO StS^SSc JSJSsSS 

6501 roScrCTOA !£ * 0CPCXT OQPQOQGAAA AQTOIAACOT ACCAAA1 TTO QTQAAOOOIC 

TCWOi * AOOAICCAAA AQCCttCAAO OCTCCQACCC OOTCGATCAA CPPimATP O COCOXI V r TCACATICCA TQOTTBAAAC CACTICCCAO 

6601 SSSSI SSSSS iSSSSSH SSIS^ CWTncA0 QOQCXaooot ciaaaaocto oocACAAcrr 

V * WAIAA AOraciADOC TmCITAAA TAAOIX5GAAC OCACAOGflTA CTTQAAAOIC OITOTCAATT COOOTTCCCA CATITICCAC COOTOPrOAA 

6701 SS^SSS £52TSS£ SSSSSSt iS222tT2i c T22 roaAOT racTOTOT <nw«oorA ca taocaaoc ocaaacatct ocmocaoA 

««*AAClCr CCACCTCCCfT TOOCCTAOJT OACCACCICA AOtCACAOCA CACCTAGCAT CTATOGTICO COTTOOWBA OGAtACOCCT 

Sc?SSS SSSS f??"? 0 ^ T™S2S2 A °? i y 100 j^WOAOlO GAGAfllGAGA OTTAOCCXCA OOGACATICT ACAOOCAAW 
w-WiAACC ATOI1 °^ 0CC CTOGOICnC AAAOCACCAC TOOCATOAOC TOOOOTTCAC CXCTCACTCT CAATOOOAOT CCCTCTAAQA TOICOQTOC 

6961 iS2SSI CWTOAAOC ACTCAGAOC CGCAOCAOT TXTQAOCAGA GAAGGTTAGA CITAQOt<»r C1CT1LTA OC CCMCCCAOO 

WCOXCICAA OICTOCOAOO GAAACrrXGO TGATCTCTCO OCOTDOTOCA AAACTOGTCT CTPOCAATCT CAATCCACCA aEoWGATCO GoSEotOC 

7001 SSSJS SSSSS P^ 0 ^ cwaaoaaoo atccaaoaoo ca tooaogaq ocacaacaca tticictict 

OOTACTCOCA AAOnCTTCC TAOCTCTTAC CTTTCaiClC CiVHUriU; TAOOTICTCC CIACCTCCTC COlCnmi/r AAAaAOAAOA 

F/G. 48-2 
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7201 22525 IS??* 005 ww" uL i mium amwiw gtctcicaw occaccctoc tcaogactcc ttoigaoacq acctict*™ 

GAGOGAAOS QtnxACMXO AMOCAOT CGAACA0AAO OrAATTCACA CACAOAOTTC COOrxgOQAfiQ AO1CCTOAO0 MOCXCTQC tSSuSSS 

7301 CT CCAOT TCA TIAAAAACAC AATTO0CXO0 lUJUUlOCTC TCtCCACK» CICAOTTACC 1CAAAAOACC AOQOCXAAMl OTOIOAICAC Hill 

CWCXCAAOT MTTPPIOXg TXMOX2MX ACJCCACGW MMQIQftOC CSWICUTOl SrmuS TCCOQ^TTC S« TOWttS 

S2££222 VaaflMCT Q»C«SAOT CAACAAATO A ACAAAAATC A CTAA1AATOC A1Q00XGATT AAAZACAKU AAGAOCAG19 
OWAATOACO AOC7ITOOTC TCTCJICCTCA C1UAXCACA CXTOITOCT WfiTM CT 0AT»TOC0 TACQCACIAA tTBrtoSSJ nS5tc£ 

SSSSJS 2S**SSST O0CMC ^ TC «W»AWrT OttCACT AAT TXAAA1CCAT CTRGAGAXO CATITOICO GAAAiHGCRI 

ctoacc»ct cdttoocaa atiocicict otcottcxao omcttuaa ccicicatia AATraooix gaaactctac aouSoaSc cttomSc 

f"?****** J*S?2S±2? f TO ** c * fl W AATAAATQAO AA TAOOCCT 3 CCTCAGAOA GGTFAACIQC 00001001 0 0 CTTROna AOAATOTCUL 
CCTOCTTTTr TICACAXTO TACTICTCIC TTAnTACTC TXATOOCCAC COAAOTCICT CCAATOACO COOOKXMC OUuSoOOT TCTOCU» 
TXOCAOOUO CAAAATO OGA TAGATACICC CQCCOGAAAO G1QGAATXGA ACCACTCTOT COCTAAACAO CXXCAOOrrr ouanm 
AACCICCCIC gXTTrACO CT AICBWOAOO OOOOOCTTTC CACCTTAACT TOOTBAGACA OOBAflTTOTC OMOTOCAAA CHOOttEoor OQOWCTOOT 

SSDSSSSi y 0 ^ 00 " 03 ^ * asA0C IMT wcMrraor tahtaaaoo cgagatacxa CTAcrrrm cacwatoot CKrarnw anx-acxcm 

OACTOCTftffP AOQCCCGCTr TCCICGA3AA AACXCAATCtf ATXTMTICC OCTCTATOAT GATGAAAAAT OTTJAAIACCA ODUOuScA cSS3SS 

7901 iiSSiirSi TnGA * a0OT Tr °?^*CMT TTTTTICACT TITIITIWIU AACATOTOIT TOICAOTAA AGTGTICOQT GAATGACTCT ACEMfTBULA 

•KWtTAJOT AAAGTTACCA AAGCROTAA AAAAAAG1GA AAAAGAACAC RGTACACAA AGSAOXCATr ££££££ CTCACXOJ& iSE£5£ 

AAGXAAGTAO CTXCAIRTQC ATAGCOCCTT CCKI'ITIOU AAOCAOCOCC TAAAOTOOCT OTCICCCTAA CTAAAAOCAG AATITFmr umhu u » 
TICATXCATC OAAOTAAACO TATOQCOGAA OOTAAAACOC rTCCICOCGO I^SS £££££ ESSEEE 

ftUaMi-i-mi Tl U lUmU TTTGTTTOCT TOXTTOTTTT TAATOSAAAA ACRCICACQ COOCCCATTC OlAOCAGAAT raMunv 

caotcaaaat aaaaaca aac aaacaaacsa acaaacaaaa attaocttit toaaSotoc oooooctaao caicotctta aoctcpoSa SSoottooct 

C^SJSSSS?5SS 5°°°°°°°^ OMCSACACC TOCDITOT TTXT9U5AACT OCAAOTATOT AOQGAATCXA CRZAOXOOCT 

wtiWi tVi,J ^AAAOCATOOC AGACTQCOQT O COXMJUtfr CICOLlUlUi ACOQCAACOA AA1AICTIGA COWCATACA TOOCRAGA? 0ACTCAOO3A 

*«J232Si OJTOAOACC AAClUJULTf GAOriTAGAC OCCAAAAAOC ATOCCTXTrP ADWTOTQT OAlTEAOOCSA OQOAAACTAA GOCRaaAGA 

yxActAOcr CAAcnmog toaotcaa ctcaaascw coATrrrroo taoogaaaaa tataaaiaca cSatcooot cqcttoatt ooSu^^ 

8401 SSSiSS g??"? 5 * 0 , TISHTiS SS^S 10 " fM0?AAATO AAAOCTACAO MWUiHTf AATATOCITO O0CCAOCX30C AOIQ000C1SA 

ACCTATO ro annoooCTc aacaacatoo oairoAaaciA tooocrmc vimwm aacaccaaaa tsvsaooaac ^ tt -vj tcaooqgqat 

r ^.* ^ff^9 C ^ 0 taOCCRKIT A&COGAaOTa VCCTXQTZA OAaAAOTOIO TCACRQGAQ OCCA UJl'lTf GAOg a COI A 1GCICAA01G nmnrn 
AAOCCTOCTC ACCOCAAIAA TOQOCTOCAC ATOGAACAAT CICTTCACAC AO^AAOCTC SSSaI StSSSSS aSa^SS SSSES 

ctSSS SSSSSi SSSISS "JSS^ W30TaTOC ^ cicicadctc cwciccaoc aocatoicto gctoctzaat 

CTAOCAOC3QA CAGAOOTCTT OCA C CACAOO AAOAOCOAOO GAAOOCTAOT TOCACATCTT QAGAOICCAO GAAQAGOXCO TOQTACKSAC O0ACQAATXA 

SUSSIS Si? KATOXAC WmULWJM AAACIOIAAO TCAOOOCOCC AOTTACA1QT TPICWTOT AAOAOITCCA TATATACOQ 

CGAAACOAAO AAAOOTACTO CWmCITO ACAOOOAGAC TTTQACATTC AOTCOCOOCW TCAATQTACA AAAGAAAATA TICtCAAQOr AV^S^C 

US^HSSt TSJ*?™^ XATO1 * Tai * TXSXrKTKTK TATATATAAA CAGOOXCICA CiU ' lTWUL T C TOCCltJUCC TCAAATXCAC TOIODtfMOe 
AiaCATATAT ACMBACATXT AW CAPCAT ATAXAXATAT ATATATATTT OTOCCAQACT GACAAATQCA QAOCGACCQO A^SaOTG A^OOoSS 

tSSSST SJJSISi TS2TEiS2S TSSfi? 00 * attaca0 °ca TOAOICACAA CAAOOCATCT AAATCXTATO ATOACTCATA 

TCCTAACOQA CXTQAAACXT OOTTXACAAOQ ACCXSAOXOXI AOOOTEAOCA TAATOIOOOT ACICAOIOIT OTTCQOTAAA TTTACAATAC tACTCAAXAT 

y^ 0 ^^ WTCAGACT TOCXTtAOCT ACTTCACACA TOCXT»CAAT CTAACCTOT TCOCTCCATA AACAQCCCTA COCCACCCXC CIGQAACIGC 
TCTOIGTCT TPWCTCTCA AOOAAAIGGA TCAAOiaiCT AOOQATOTIA OAtTOQAOCA AOXSAOTIAT TTOTOOOGAT GQ00TO GA O QACnTCAOO 
TITOAOSAAT OC TOOOOCT CTCACAOQCA CACTOCTCCT TCXTITAAtCT CTTCAOCCTO i/l ' lUXTlUC CCCCCCATOT CCATOXOGCC CAAAOCMCT 
AAACTCCm CGACOICOSA GM7tt3TCOOT OXGAOQAOBA AOCAATXM3A G^SSSaC CAACOQUyOS O^OG^CA O^CAOOOO S^TOoSS 

SSSSIS ISJiSSSt SSSSJSi y 00100000 *OTOAOOOO OTOAAAXAT TACAAAAO 00 TCACTTICIC OCXQCCACAO ACAAOCAAAC 
™ a °* CMa GWCCASCAT 1O CC AQQ0O C TOOACTOOOC CAAATTTATA ASCTITXCCC AOXGAAAGAO OQAOOSratC TOTWOmO 

qtooS^S SSSSS SJSSET A<ac?CTgrcr tcacaaoc tt tctcigaocc tcaotttcoc cacctocaia atocatcxga 

OiaJCATAOO AACAOTCAAT 0A3OSACZGA TACITOCAAT lAlCSACAOA AOIQITQSAA ACAQACXOOa AOICAAAOQO OTOQACOZAT TAOOTflACT 

9401 ?IS?SSS SSS'SSi SSHS?* GTOCTO0 « C ofcrmuaac ATnocrcAT oroxootoa ccccAaacc aocaxaaaat 

Liviuivvuv AOOGAICIOO AI7ACCAACAO OAOTAAOQAT CAOGAOOCTO QQAAATEATQ TAAAOOAGTA CAACAOCACT CUUtflUCflUi T QU f liAIl ' lTiA 

9501 SSTSSI !JS!SJi!iF7 1™=^™ temgaaxao taatotaaoc atitoiotpp cocaoicatc teaoaxgacc ctgtoqaacxa 

ATAAAOGTIAA CTATQAAC1X TTGACATZAA AAAAGATAAC AAXM7TTATC ATCACATTOO TAAACACAAA 0CA7ICACn0 AAtCZACTGO OACACCTlCr 

9601 SSSSJS SSSj^ES 32SSSS **2ISiS* T™™^ 7 ^xuuoca caoqqaocat cjoatiaacac TIOOanCSGAC TTTXCQOCIO 
cwrM00TO matnxxm ttcaatxctp aaoqaoqota tciccteaot qrooc mmA ckaatioio aacccaoczq aaaaoocgac 

9701 ggaa^a^ SSiSSSS SS^Hi? !J crewu « trorororop otoigtotot oigigxoiot cxoroiarar ooccxgkjic 

qswaoo cr C000GMCCTC owTACtorc oAsonan* aaqacztcaa aacacacaca cacacacaca cacacacaca cacacacaca oooaACxato 

M " COCA^^ JSSSST SSSS! TSSSSS ttTaCT « MACICIC COCPCAOCTO AOTCTITOAT OfXCAACACA TOICTTOMX 
°° CaCCKCIC WWOOnCA CCXZAAA3CAC AAOOACCTOa OXAATOAOnO OTCTTOAflAO OXZAOIQGAC CAAOAAACZA CMTIOXQAT ACAGAAOXNP 

^^SSSS SSSSSS ^ TnTMt CAOCIOCSAaA TACAAAT ATT OCAQTITXtXA AOTTOOOOia OATIQICTAA 

CAOOOOCACC OTIATCOtOa TTOICACITO ATTZAAAATT TTCATCTTQA CrTCOAOCTCT ATOTTTAIAA OOICAAAACT TCAACCC6AC CEAACAOA3T 

pjACmATA ACATAAOCCA CAAflAflAOO C CO CiawiLT OTAAACTPP ATATOCCTCA OTACAOQOQA F^T^h f mr CAAOAAOTOO OAOXXZX7IQO 
ATTGAATTAT TQTATTOOQT CTTCTCTOO0 OOOAAOCACA AOGTXTQAAA TATAOOQACT CATCTOOOCT TQCOGTCOOO ORCRCACC C1CAOCCACC 

iSSSSS 21225*™ Q0QACTrrCC "ATAGCATP TGAAATOEAA ATOAAOAAAA TATClAAtAA AAATZTCAAA AAAAAR3TXA 
OTT A CC CCC CXCCCATWC OCXTCAAAOO OCCATOGXAA ACITTACATT TACFtCXTTT ATAOATTATP TITAAACTTT TZTTXACAAT 

oSSISTS 22SI22iI2r SiSSSE 1 ^ ACCACACTO Q CATQTOACTC TOCTGACATC ' lUX ' I K LVlC TOOCTOCT OO CTTOCACAAOA CAATXTROO 
WWTCAAAC COOAOCTACA OICATOOACT TOOITOAOC GTOCACICAO ACXJACICtAO AOOGATQAAO ACOQAOGACC CK3TOTICT GTTAAAAAOC 

iJSISSnS ?S?7? I !5i? TCCX0QGATT> CAACTCOOOT CATCAOOCTT OQCTOCAAOT OACTtACRA WllllClUX ACACCCTCTC 

*twic aao ACAACAAOOT AGAACAOCXA AOCTOOCtAA CITOAOO0CA OEAGICOOAA CCCAOOITCA CTQAASpAAT OCACACAOQO TCT0OBAGAO 

SISSSS? OCACTTCAT0 CCTCACmC OCACIATCTA OATAOAGCAA TQICTATAAC AtCtOCTACA AT0ATATC7EA TATCAAGAQC 
CCAAWAAT CAATCTAOGA OCRQAAGTAC GCACIGAAAO COTOATACAT CTATCTOGftT ACAGATATtO TAGAOCATGT TACTATACAT ATAQTTCT0Q 

SiJSSSSIl 2S22SI22 !°™ afl vc*c*cm c totccaaac oicoaawrp caaatocao caatcacata oroocnccA ttccctctia 

otxwcctct CTAO PBAOTC AOCCATTCtC OIOICTGAOO AGAAGQTTtC CAOQOCTCAA OPrTAflQOIC OTBAOXOTAT CACCGAAOGT AAOOGACAAT 

SiSSSSf JSiSSSS! T!^™' t*™**™* ATC TOAAAA AAAAAAACCC ACOCOOOCOT OTOOCOCAC OOCTITAAIC 
AOCTTACAGA CTTCrCACGA TCRCACATC* ATQTATATTA TXTATTTAIT TM2AATRTT TrnTOlJUU 11UU-UMC A OCAO C OO tfW COGAAATXAC 

l6m = = = = 
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10801 OTCTCQAAA* h**AMG»CK GNSMXBAM UMSftQOGCA MMlCnM CMrnCTOXQ Ol ' ttlltfrrm CLVWMIULA mtQKOM CMlQCRXe 

acMcnrr wrrncxcr civjiuxtivj actcxoooqt mmn crmmucac cmcmamc okcmcwat mmcekixc oruuxacea 

10901 TllXT OJCAX QQfXMGMGT AACATRCXT USMMOO* ATTTOCTCXQ Cl ' l ' iA ' lTlTl 1 cA/lTTO TT TOOOTQCia M0MQOMC 

MOGM3QQTF CCttOCTICA MXTTPIOCX TXAAOW»C GMAVMMA OMJUUUUOUt ATMCTCTM BX ' iftOTlU SJotSooX 

liooi toocxAOCAX oocmocror TmcaucKsi oockocioc Mocnoac toooosmtc tmocmusoo trcracacr omccacww 

AOOTICOTT CCQMDOttCA MTOOKiftCr CWWKW90 TCOQMCOTQ JWCCCCXAWJ ASCOOTXCOC AMKXQQXQA CTCOC7K7K* * rm ffl ^ 

11101 ATOOCXClCr QGMOKnCT MQCMTXOC A3MCEM30C U ' ilWU ' rg tJUUSACQQlC TOUCXM2MK 1GMTT 
TRGGUGAGK GCXTCAAGK TCCQTCAAOO TATQGAT003 AMCOtfiMA JOTC1QCCM AATOMCICQ AGTCM 
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SEQUENCE LISTING 



<110> XENOGEN CORPORATION 

<120> TARGETING CONSTRUCTS AND TRANSGENIC ANIMALS PRODUCED 
THEREWITH 

<130> PXE-008.PC 

<140> 

<141> 1999-12-16 

<150> 60/152,522 
<151> 1999-09-03 

<160> 39 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer PGKF 



<210> 2 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer PGKR 
<400> 2 

ggctgcaggt cgaaaggccc ggagatgagg 30 

<210> 3 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer NeoF 



<210> 4 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer NeoR 



<400> 1 

atcgaattct accgggtagg ggaggcgctt t 



31 



<400> 3 

acctgcagcc aatatgggat cggccattga ac 



32 



<400> 4 

ggatccgcgg ccgcccccag ctggttcttt ccgcctc 



37 
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<210> 5 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer TKF 



<400> 5 

ggatcctcta gagtcgagca gtgtggtttt 30 

<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer TKR 



<400> 6 

gagctcccgt agtcaggttt agttcgtccg 

<210> 7 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



30 



<220> 

<223> Description, of Artificial Sequence: primer F5R51 
<400> 7 

gtacatttaa atcctgcagg 20 

<210> 8 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer F5R52 
<400> 8 

agctcctgca ggatttaaat 20 

<210> 9 
<211> 77 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer F3R31 
<400> 9 

ggcccgggct taattaatgc atcatatggt accgtttaaa cgcggccgca agcttgtcga 60 
cggcgcgccg gccggcc 77 

<210> 10 
<211> 77 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: primer F3R32 
<400> 10 

gatcggccgg ccggcgcgcc gtcgacaagc ttgcggccgc gtttaaacgg taccatatga 60 
tgcattaatt aagcccg 77 

<210> 11 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer VN1R 
<400> 11 

ctgtatttaa atctgcccac cctattcagg acagtagtc 39 

<210> 12 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer VN1F 



<400> 12 

ccaatgcatc aacccagcca ggaggagtgc g 

<210> 13 
<211> 38 
<212> DNA 

<213> Artificial Sequence 



31 



<220> 

<223> Description of Artificial Sequence: primer VN2R 
<400> 13 

aacgcgtcga cttcggagat gtttcgggga taaccagg 38 

<210> 14 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer VN2F 
<400> 14 

ttggcgcgcc ccatagagaa gagacaccaa aggcacgctc 40 

<210> 15 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer FosBlF 



<400> 15 

ctgtatttaa atcccgtttc tcactgtgcc tgtgtc 



36 
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<210> 16 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer FosBlR 
<400> 16 

gtctcctgca ggcttcctcc tccttgttcc ttgcg 35 

<210> 17 
<211> 35 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer FosB2P 
<400> 17 

aacgcgtcga cggatgggat tgacccccag ccctc 35 

<210> 18 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer FosB2R 
<400> 18 

ttggcgcgcc ccttgcctcc acctctcaaa tgc 33 

<210> 19 

<211> 31 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer VF1 



<400> 19 

acctcactct cctgtctccc ctgattccca a 

<210> 20 
<211> 25 
<212> DNA 

<213> Artificial Sequence 



31 



<220> 

<223> Description of Artificial Sequence: primer VR1A 
<400> 20 

gctctggcgg tcacccccaa aagca 25 

<210> 21 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer VF2 
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<400> 21 

ccctttccaa gacccgtgcc atttgagc 



28 



<210> 22 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer VR2 
<400> 22 

actttgcccc tgtccctctc tctgttcgc 29 

<210> 23 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer KF1 



<210> 24 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer KR1 
<400> 24 

ttctcaggca cagactcctt ctccgtccct 30 

<210> 25 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer KF2 



<210> 26 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer KR2 
<400> 26 

gaggactcag ggcagaaaga gagcg 25 

<210> 27 
<211> 29 
<212> DNA 



<400> 23 

gctgcgtcca gatttgctct cagatgcg 



28 



<400> 25 

cagatggacg agaaaacagt agaggcgttg gc 



32 
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<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer TF3 



<400> 27 

agcttagcct gcaagggtgg tcctcatcg 



29 



<210> 28 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer TF2 
<400> 28 

caaatgcacc ccagagaaca gcttagcctg c 31 

<210> 29 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer TR1 



<210> 30 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer F51 
<400> 30 

cccagtgtct ctgatttagg gagagcacct gag 33 

<210> 31 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer R51 



<210> 32 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer F52 



<400> 29 

gctttcaaca actcacaact ttgcgacttc ccg 



33 



<400> 31 

ccagactgcc ttgggaaaag cgcctc 



26 



<400> 32 

cagtgagagt cttctctgtc cctcaatcgg ttctg 



35 
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<210> 33 
<211> 26 
<212> DNA 

<213> Artificial, Sequence 
<220> 

<223> Description of Artificial Sequence: primer R52 
<400> 33 

tggatgtgga atgtgtgcga ggccag 26 

<210> 34 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer F31 



<210> 35 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer R31 
<400> 35 

cggctcccca aaatgtggaa gcaagc 26 

<210> 36 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer F32 



<210> 37 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer R32 
<400> 37 

cgcctcctct ccccagtctc cccttg 26 

<210> 38 

<211> 4998 

<212> DNA 

<213> Mus sp. 



<400> 34 

aatcaaagag gcgaactgtg tgtgagaggt cc 



32 



<400> 36 

gaatccatct tgctccaaca ccccaacatc 



30 



<400> 38 
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tccacccacc tgtttctcac gtccccggcc 
tcacccgggg agggtgtggt gccacagaag 
ctgatttagg gagagcacct gagcccagtg 
aaattcccca cttgccctcc ttatccaggg 
agtcttaaac tcgtagccaa cagacttttt 
gaagctcagc cgagtgggct ctgattccta 
ctgagcaatg gagcgtgggt agggaggatt 
gactcggtag tatttgtctg aaagaaagaa 
atcctgtcca ctggtcccaa gaaggataaa 
caccaagcag ataatgtcac catctacagg 
caggcaaggc ctagccaaaa ccagtctaag 
gaaatagacg ctctgaatgg gctcgcaggt 
atagttgttg taggttccta gcccactctc 
acgtgatgaa cgacgggagt tcgagctctg 
acgatagcgc tttcggcttc tacgcttaga 
taaggagcca gtgacgtaga tgcggccggc 
atgccagttc cggctgatga attggggttc 
aatgcacttg gcagattctg gctttgattt 
tctatcttta tctatgtatc tatctatata 
acctacttac ctatctatgt atctatctat 
cctatttatt tgtttgtttg ttttctttga 
tttgcaactc actatgaagc cataactggc 
gtctctgagt gctgggatta aaagcatgtg 
gaacacattt gctatgcctt gcctaagaca 
tgtctagagc tttttcccat cctctctcca 
aacccctcag cgcgcagccc ctccttctgc 
caaatagagc caagcctcat cccccaaaag 
cagctcttga tcgatggtgt cacagttcca 
agcccagttt ccagagaaag aagccagcct 
cagaagagga gttcgaaaat gttctcccag 
aacacggctg acagagagct gccttcgcac 
tactcccagt actgcttccc tgaggagcag 
ggcagagagg aatcatggaa tagaacaggg 
ctgagtaccc ttgaagaagt agaccctttc 
gaacgctgca tcaacattgt ctggtatgcc 
accagggtcc aggaccccat cctcaaagcg 
cagaagggtg aggacatacc gctggccaca 
acctgctcct ggagtccctg actgctttgt 
cctttacctt gcctcagact taggtctggt 
ttgatgcgag tgaaggcagc atcgatgggg 
ttggggtacc caggcctcac tgccgtctca 
ggggaaactg tgtgagaagc agatgagcct 
catagagtca cctcggaagg caaagaggga 
gggctttcca ctgcacagtt- cttcctctgg 
gggccttagg atctcctcct gttgctccac 
aggatctagg aaggctgtcg gctttagagt 
tggagaggtg ttctcgggtt gcacaccggt 
gtcatagctc caataatcat cctctggcat 
cagaacgggg agcagtgagt gtcaggctgt 
tctgaactca ccttggggct tgcactgctc 
agtgcaaagc tcgtcacact gacacttctt 
cttgcatgac tctatgggag ggaatatcag 
acctgcactt ccctaggtac ccaccaatcc 
catgccacca gggctagtat gaaaaagggc 
agggccttgg caagctgggc gcggagcttc 
agcagactga agaagagttc ctagttccct 
ggcccagccc cattgccctc ctccaaacac 
cccagcccca ggagagctgg gaaacagaaa 
acgggcagga gggataacac gcttagctta 
caccctctga gccagtcccg ttaatctccc 
ggtgccttgc ctcatcaggt gttgagagat 
tgcctggagt agcttccaac tcattcccat 



ttcctagtta acttcatggt taaagaagcc 60 
gaagggtgct cccacaagcc cccagtgtct 120 
agagtcttct ctgtccctca atcggttctg 180 
gacagggctg cccaccctat tcaggacagt 240 
attgggctgg gagaaagaga tgaggctcct 300 
cttctcagag gtcgggcagc ccagccaata 360 
cacagagtcc actcgccggg ttctaaggtt 420 
tggaaaaagg gttatgtgag attctgcctg 480 
ggctttttct cagaagggaa agtgaacatc 540 
ctgtgttcag cacccaggga ccaagacctg 600 
gagtagaaag gggctcccac ctccagagaa 660 
ggcaggtaca agccagtcca tatcataatc 720 
ctcgctggag aacaaagaga accagattga 780 
gctgcgtctg tggccacgcc ctcggcgtga 840 
cttctgtttt ttggcttggg cagagtggga 900 
catagcagcg tccactttcc ctggcacacc 960 
tctggctcca tctgtaacag ggaaggggtt 1020 
ctccagcaag gttgtctgtc tatctattta 1080 
tctatgtatc tatctatcta tcatctacct 1140 
ctatcatcta cctacctact tacctatcta 1200 
aacaggatct tagcacctac ctatggctgg 1260 
ctcttaactc acaaagatcc acttgcctgt 1320 
ccactacacc cagctccagt aggaccttta 1380 
cacaactcag tccccaggcc ccagcctccc 1440 
ctgtatccct tgaatctctg ccccatccga 1500 
tgtgttaggc aaagtccaag gtatgggatc 1560 
tcaacagaag caaagtctag ccagagcaaa 1620 
ggcccctccc ctggaagccc ccactatcac 1680 
tgctctccct ccataccaga ggatctgccc 1740 
ctgtcccgct gaagcaaggc aaagtgctca 1800 
tcctcctggc tgggttgctg ctgaaattcg 1860 
aacagctggc atcaggagag atctgaccaa 1920 
actccaccac ctgccccctt ctcctccacc 1980 
ccggccactg taacggtggg caggaagggc 2040 
actgaagcct tcggagatgt ttcggggata 2100 
ccagtactga ctaccctgaa agacagagat 2160 
gaagcagtcc tatatcctaa actggctgtc 2220 
cttcacagct ccccagcacg tccatggcac 2280 
accttgaaca agtaggtctt cccctgacag 2340 
ccctcaatgc cccagacatc ttggataagt 2400 
tctagctcat agcagtactg ccctagaaca 2460 
aaggcagatc cgaccgccac cagacctgtc 2520 
cccattcttg agatccgtga aggcgtcaaa 2580 
aaactcaggg gtcccttgat cagtggtgtc 2640 
tttaggcgct ggggtgcttg gctgttcctc 2700 
gccgtccgtc cgaggattta ggtcaccggg 2760 
gttggtattg ttcttgggct cctccacgta 2820 
agtgaacacg tccccccgcg ttactgcagg 2880 
ggagggagcc ccaggcccac ccaccagggc 2940 
catgtagtcg gcacagcagc tctgatagta 3000 
gctggccatg aaaccctgag tgcagcggcc 3060 
gtttacagcc caatctaggg cacctgccca 3120 
cctcccacac cttggtcagc cagagaaacc 3180 
ctcaggggtg ccatggcagg cctctagccc 3240 
tggaatctcg ctgtcctgcc tgaaaaaaga 3300 
gggtttctgc cctttatttg ctcatcctct 3360 
agctgcagca aagggtcaca ttcccagaac 3420 
accctcgcca agaccaaagt cagtagggtc 3480 
gctggggagg tggaaagaag catgtgttgt 3540 
tgagccttac tttttataaa gtgggaccat 3600 
tccgtgagct agaacagaca aaacgtttcg 3660 
aagccgttat cgatttactg tttgatcagg 3720 
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ctaggtgctt gtcccatcct accccccgct tcgaatctgg atttttgggg caagaagggg 3780 
ggttggggga gagctggcaa gcactttggg ggaggttttc ttttcttctc ataaaagaac 3840 
aaagcttcat ttctggcctc tccttgttct ctctaagctg ggtgttacag cataggaagt 3900 
agtgggtcag agtctattct tctttcttta ttttttttag atttatttat tttatgtttt 3960 
gtgtataagt gtctgctcac atgtgcatct gtgcaccaca tgcatgtctt gtgtctatgg 4020 
aggtcagaag agggctttga ataccctgga actggagttt tgaacagtta tgagctgccg 4080 
tgtggatgct gagaatcaaa cccaggtcct ctgtaagaac aagtactctt aaaggctgag 4140 
ccatctttcc agtcccagag cccattcctg aggctttcac taatccattg atcctcgggg 4200 
gaccaccctg gccacacctt caatgacctc atttatttta aaaaaaaaaf ggactcattg 4260 
ggcatacttt ctagactcac atactaagtg ggatttctct ataaagaagt gctcactggg 4320 
gtagagtgcc aggttttggg ccaaattcca agcactggca cacttctgaa gcccctccgt 4380 
tttctgttct gtaatcacag gcgagcgtgc ctttggtgtc tcttctctat ggaccgcagt 4440 
agtctcagcg gcaaaatgaa acactaaatt ttactcccta cagacgcgtg aagcctaagt 4500 
ggaaaccggc attaaagggc tttaagaatc tcaactgcga ttctttaacc atccggaggg 4560 
gacgtggata- catgtagcca gcttgcttcc acattttggg gagccgagcg agcggtagga 4620 
aatggaagac agctctttac agccctttct acagcatctt gcacaccacc aaggggagac 4680 
tggggagagg aggcggagcc aggtgtgggc gtggctggag acctggggta ggcttgcgcc 4740 
tgcgtcgggg gcggagcccg tgaaacctag aggcggggcg tcaaatcctt gactctgctg 4800 
ctcagaggcg tggttgctgt tgagcatctt agctccgctg tgcttagatt ggagcagcgc 4860 
tttgttccgg gcaccggcgt ctctaccctc ccgcgtctgg tccatgcttc tctctccctt 4920 
catgcccttc ctaagtcgct gagtcccgga gctgccctcc tccttctgct tctacacttg 4980 
tagcccagca cctttacc 4998 

<210> 39 
<211> 11176 
<212> DNA 
<213> Mus sp. 

<400> 39 

gcagctgggc aaacgttggc gatgccggtg caaagtatat acccggtggt tagcagaagc 60 
tgagaacttt tagccgaaag ccggctccct aagccgaagc taggcaagta ggggaagaaa 120 
aagaaaaaaa aaattccaga gaagcttcca gagcctcctc ctcttccctc ttccttcaaa 180 
aggactgcaa gtccgcagtc accctccacc cagcaagagt tagggcctcg aaccccggtc 240 
acgctgcctc cgcctcctgc cgaacgtaac gggggacccg tgcgtaaagc gtgacgcgct 300 
ggaatcctcc gtctgacgcg gggcacgcac aggccgcagc ccctccgccc gccccgcccc 360 
tgacgtccgg gcacgttcta ttttggaacg ccgaggccac gttgctaagg gagggggcag 420 
cgtggctttg tgattggctg tcgcgcgcag ctttagccaa tcagcgttcc cttcctattt 480 
gtagagcgta gctcccttcc ttgctttttg tggttcttcc cgtgctgggg gtctccaaga 540 
ggagagctag gattcttgtc gcgatcggga ctcgttgtca ccccatggtc tgcgaggact 600 
tgtgtggacc tggtctgttg tcataagcta gaggcttttg gctgagtgtt agcgcctcta 660 
agggggaact gaaggcctca tccttctcag gcacacatat acgtgctcct gagctctaga 720 
cactcagtcc ttccgaggtg ttcaaacact agatgagcta gcctacggag aggcagccag 780 
gtggtctcta aaaggtctgc cttcccttag ttcccaggct ctgattggcc agggattcag 840 
cccttccctc gccacgcccc ctagagtagt taagcctcta ggattccact tgcgggaagg 900 
9999999999 999cgtgatg gacgcttctt ggggacgcag atcctatgtc accccatccc 960 
ctgcaagaca gtctgagaga ttctcgctgt cacttttctc tgcctatcag ttcactgaaa 1020 
cctgtcagtc tcactgggaa gagacagaca ctcggaaggg atgctctcaa ctcttaggcc 1080 
ggtcccccaa caccgttgga actgggatct ccgcctgcgg gagccctcat gcagtggggg 1140 
gtgtgtttgt gtgtgagtgg agaggaaggc ttggctaagg cctctccctc tccctccctc 1200 
tgtggtgggg gttggggggt tttggctgta tgtgtgtgtg aatgtctgtg gctccatccc 1260 
gggagtttgt caccaggttc tgtccagcct cctctcccac ccaccccccc acacctaaga 1320 
gtcaccaacc cggggtgtga ttcaccaccc gctggaaccg tgcaaccttt ccccgaggaa 1380 
gaaggaggag gtagaaggca gttgaacaga atctctcatt aaccactgcg tcacggtgta 1440 
gtggaagggt gggtgttgtg gctttttgcc tgtgacacac acatccacac ccgctcaccc 1500 
tgtgctcact cacagggtcg gtctctctta tctctcttgg gcgtgtgtgt gtcggtggct 1560 
ttgtttgtgt gtctacgcct gtgtgtgtat gtctcacccc gtaggagtgc gccggtctcg 1620 
gggaaatgcc cggctccttc gtgccaacgg tcaccgcaat cacaaccagc caggatcttc 1680 
agtggctcgt gcaacccacc ctcatctctt ccatggccca gtcccagggg cagccactgg 1740 
cctcccagcc tccagctgtt gacccttatg acatgccagg aaccagctac tcaaccccag 1800 
gcctgagtgc ctacagcact ggcggggcaa gcggaagtgg tgggccttca accagcacaa 1860 
ccaccagtgg acctgtgtct gcccgtccag ccagagccag gcctagaaga ccccgagaag 1920 
agacagtaag tatgaggcct caggagttgg gatggaggag cctagctagg gatgtgggct 1980 
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cagtttgtac agtgccttgc tgccatgcat gaagatccct agcacagcat aagccaggag 2040 
tggttatgca gacctgtaac cccagctctc agaaggtgga ggcaggagga gcaggagttc 2100 
gaggccagcc tgtgctactt atggagtcca gcctgcactg caagagatca ttattttcaa 2160 
aagttggcct tggggggagg tgggtgaggg aagtaagaga aagtgacagt aattttgtca 2220 
cttaatagtt ggaggttcct ctgaggcctc aagtctgaag gaactttacc attctggcca 2280 
gtgaggagta ggggttatta tttggggttc aggaggaagg aagttttctt agggctgata 2340 
gaggtacccc cagatctcat ggtccttatc tctgactcag cttaccccag aagaagaaga 2400 
aaagcgaagg gttcgcagag agcggaacaa gctggctgca gctaagtgca ggaaccgtcg 2460 
gagggagctg acagatcgac ttcaggcggt aaggaggagt ctgggggtgt cttgaggccg 2520 
tgctgggagc actctgcctt gttcttcccc cgtttctcac tgtgcctgtg tcctaaacga 2580 
ggaaaccccc tcttagggaa caggggtcag tataggctga tggagtggct ccatatgcat 2640 
gctcagaccc atgcccactt actttcgact gttccccact ttccctgaat atgtccccac 2700 
atgtcaccct cctggctttc tctcagccta aggagacaag ctagaggagg taattctctc 2760 
accttctttt cttcactaaa taataatcca ttttgccttc ctgcctccat ttttttttcc 2820 
tgagctgggg atctacctgt cgtagttcag ccctcctccc ccaacttgat agcctcaagt 2880 
ttcagccctt ggctgagatg ccatcatcct gactggctct ggctggaaac tattttgtgc 2940 
taagtcaatt ccttgtctgc tacttcagct atctacagty ctgccgaact tgagctggtg 3000 
gcgcccacca agcccacttc tttctctctt ttttacctca gtgcaacccc ccacacacaa 3060 
aacttcatgc ctgccccttg aaaccagggt gcgtctctga ctccccgtcg ggaggctgaa 3120 
ggagatgggt aacagaacct cattaaaaac aacacataag cattacctac tgactcaaca 3180 
aactgtagtg tttttctttt ttcctctcaa aaaattattt cgtttgttta tttattattt 3240 
gcttatgttt gagtgagtgc tggtgeacca cagcacacat acgaggtcag agggaaattt 3300 
tcatagtttg ttctctcctt ccgtgttgtg ggtgcttgct ggcaatctcc ttcactcagt 3360 
gagctacaat gcccccttct gccctttaag gcagagtact ccttagtaca gggggaccct 3420 
ttcctcggcc tctcaaagtt gagattacaa atgtt caeca tcacaccagg cttggagttc 3480 
ttgectatea gtgaegtcca ctcctgccta gcttcttccc aaccatcttt tagtctgatg 3540 
gggaaaccga ggcacgagta gcatggtcta ccaggatttc ctcttagggg acggtcccct 3600 
cagttgggag ggagctgtcc agccccctgg atcagcagca agaatgtatg agtgtggggt 3660 
tgggcgggtg aagctactct gtgtggtcgc tgaccagcaa ttctcctttc tctgtctcct 3720 
atgacctggc cctgctggga tccattagga aactgatcag cttgaagagg aaaaggcaga 3780 
gctggagtcg gagatcgecg agetgeaaaa agagaaggaa cgcctggagt ttgtcctggt 3840 
ggcccacaaa ccgggctgca agatccccta cgaagagggg ccggggccag gcccgctggc 3900 
cgaggtgaga gatttgecag ggtcaacatc cgctaaggaa gaeggctteg getggctget 3960 
gccgccccct ccaccaccgc ccctgccctt ccagagcagc cgagacgcac cccccaacct 4020 
gaeggcttet ctctttacac acagtgaagt tcaagtcctc ggcgacccct tccccgttgt 4080 
tagcccttcg tacacttcct cgtttgtcct cacctgcccg gaggtctccg cgttcgccgg 4140 
cgcccaacgc accagcggca gcgagcagcc gtccgacccg ctgaactcgc cctcccttct 4200 
tgctctgtaa actctttaga caaacaaaac aaacaaaccc gcaaggaaca aggaggagga 4260 
agatgaggag gagaggggag gaagcagtcc gggggtgtgt gtgtggaccc tttgactctt 4320 
ctgtctgacc acctgccgcc tctgccatcg gaeatgaegg aaggacctcc tttgtgtttt 4380 
gtgctctgtc tctggttttc tgtgccccgg egagacegga gagctggtga ctttggggac 4440 
agggggtggg gcggggatga acacccctcc tgeatatett tgtcctgtta cttcaaccca 4500 
acttctgggg atagatggct gactgggtgg gtagggtggg gtgcaacgcc cacctttggc 4560 
gtcttacgtg aggctggagg ggaaagagtg ctgagtgtgg ggtgcagggt gggttgaggt 4620 
cgagctggca tgcacctcca gagagaccca acgaggaaat gacagcaccg tcctgtcctt 4680 
cttttccccc acccacccat ccaccctcaa gggtgcaggg tgaccaagat agctctgttt 4740 
tgctccctcg ggecttaget gattaactta acatttccaa gaggttacaa cctcctcctg 4800 
gacgaattga gcccccgact gagggaagtc gatgccccct ttgggagtct gctaacccca 4860 
cttcccgctg attccaaaat gtgaacccct atetgactge tcagtctttc cctcctggga 4920 
aaactggctc aggttggatt tttttcctcg tetgetacag agccccctcc caactcaggc 4980 
ccgctcccac ccctgtgcag tattatgeta tgtccctctc accctcaccc ccaccccagg 5040 
cgcccttggc cgtcctcgtt gggecttact ggttttgggc agcagggggc gctgcgacgc 5100 
ccatcttgct ggagcgcttt atactgtgaa tgagtggtcg gattgctggg cgcgccggat 5160 
gggattgacc cccagccctc caaaactttt cctgggcctc cccttcttcc acttgcttcc 5220 
tccctcccct tgacagggag ttagactcga aaggatgacc acgacgcatc ccggtggcct 5280 
tettgetcag gccccagact ttttctcttt aagtccttcg ccttccccag cctaggacgc 5340 
caacttctcc ccaccctggg agccccgcat cctctcacag aggtcgaggc aattttcaga 5400 
gaagttttca gggctgaggc tttggctccc ctatcctcga tatttgaatc cccaaatagt 5460 
ttttggacta gcatacttaa gagggggctg agttcccact atcccactcc atccaattcc 5520 
ttcagtccca aagacgagtt ctgtcccttc cctccagctt tcacctcgtg agaatcccac 5580 
gagtcagatt tctattttct aatattgggg agatgggece taccgcccgt cccccgtgct 5640 
gcatggaaca ttccataccc tgtcctgggc cctaggttcc aaacctaatc ccaaacccca 5700 
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cccccagcta tttatccctt tcctggttcc 
taaatatatt atatatgagt gtgcgtgtgt 
gagcttcctt gttttcaagt gtgctgtgga 
gactttctgg ctgtcccttt ttgtcacttt 
ggagacagtc ccggcctctc cctttatcct 
caacatgtct ccactctcaa tgactctgat 
cggggacatg caattttact tctgtaagta 
ctatatcgtt gagaattctg ggtggaaatg 
accacaattc attgactcca tagccctcac 
gtttttttgt attttgcacc tgaccccggg 
cccctccccc ccttggttct gcactgtcgc 
tcaggtcaaa gtgtctgttt tccctggaca 
gagtttggat tgctagggaa gtcttgctgg 
ctacaacggg actaaaagga agtggagact 
ccacctactt gaaaaaataa ggggcggaaa 
tgggagaatt tcatgatcgg aaaagaattt 
caacagttaa gggcaagggt gtaaaagctg 
ggtggaggca aggggatcaa ctggtggagt 
gcaaagatct gctatgggga gagggcttgg 
agggtagtgg agggcaagtg gagagtgaga 
atgcagagtt cagacgctcc ctttgaaagc 
gaaggttaga gttaggtggt ctcttctagc 
ttcaagaagg atcgagaatg gaaagcagag 
gcagaacaca tttctcttct ttaatagcaa 
gatgctcacc agtcgggtgg tctagggggt 
ctcggttccc ccattctcgc tcttctgtca 
gccaccctgc tcaggactcc ttgtgagacg 
aattgcctgg tgccgtgctc tctccactgg 
gtgtgatcac aactctatcc ccattactgc 
gaacaaatga acaaaaatga ctaataatgc 
gactggatga gcaaatcgtt taaggagaga 
ttaaatccat ctttgagatg catttggtcg 
atgaagagag aataaatgag aataggggtg 
cttttgtaca agaatgtgaa ttgcagggag 
gtggaattga accactctgt cgctaaacag 
ctgaggatca tccgggcgaa aggagctatt 
ctacttttta cacttatggt cattatttgt 
ttcgaacatt ttttttcact ttttcttgtg 
gaatgactct actaactaaa aagtaagtag 
aagcagcgcc taaagtgcct gtctccctaa 
gtcagtttta tttttgtttg tttgtttgct 
cggcccattc gtagcagaat tcgagatttt 
tctgacggca cgcggccgca gagcgacacc 
agggaatcta ctgagtccct aggtgatgga 
gctaaaaacc atcccttttt atatttatgt 
tggataatac cacagccgag ttcttgtagc 
ttgtggtttt aatatgcttg gcccaggggc 
agcggagotg taccttgtta gagaagtgtg 
tgctcaagtc tggccagtgt gatcctggct 
cttcggatca aggtgtagaa ctctcagctc 
gctttgcttc tttccatgac gataatgaac 
agttacatgt tttcttttat aagagttgca 
tatgtatgta tatatatata tatatataaa 
tgaaattcac tatgtagccc aggattgcct 
tcccaatggt attacaggca tgagtcacaa 
agaagacaga aaatcagagt tcctttacct 
tcgctccata aacagcccta ccccaccctc 
ctcacaggca cactcctcct tggttaatct 
ccatgtggcc caaagcctct catcctgttc 
acctgacccg gtttaaatat tagaaaaggg 
caccatatgc ttgtcactta ctacctgact 
tctctgagcc tcagtttccc cacctgcata 



caaaaagcac ttatatctat tatgtataaa 5760 
gtgcgtgtgc gtgcgtgcgt gcgtgcgtgc 5820 
gttcaaaatc gcttctgggg atttgagtca 5880 
tttgttgttg tctcggctcc tctggctgtt 5940 
ttctcaagtc tgtctcgctc agaccacttc 6000 
ctccggtctg tctgttaatt ctggatttgt 6060 
agtgtgactg ggtggtagat tttttacaat 6120 
tctgatcagg agaagggcct gccactgccg 6180 
ccaggctgta tttgtgattt ttttcatttt 6240 
ggtgctgggg cagtctatca ctgggcagct 6300 
caataaaaag cttttaaaaa actgtatcct 6360 
tctactacat ggcttccttt cagaaaaacg 6420 
cacttagtgg gacgcctaac gaatcagaac 6480 
tgctaggttt tcccatgttc ccaggctggg 6540 
agtgtaaggt accaaatttg gtgaagggtc 6600 
attcaccttg ggtgtgcaat gaactttcag 6660 
ggcacaactt gtaaatccta gcatttgaga 6720 
tcagtgtcat gtggatcgta gataccaagc 6780 
tacaccaggg gagccagaag tttcgtggtg 6840 
gttagcctca gggagattct acaggcaatg 6900 
actagagagc cgcagcaggt tttgagcaga 6960 
ccatcccagg ctgaggagga cgctgagggt 7020 
gagaagaagg atccaagagg catggaggag 7080 
gcctggaaag gataacttgc tgcaggagga 7140 
tcttggaaaa gagaaggcat ttgctcaagc 7200 
gcttgtcttc cattaagtgt gtgtctcaag 7260 
accttctatg ctcgagttca ttaaaaacac 7320 
ctcagttacc tcaaaagacc agggctaaag 7380 
tccaacgcag agacaggact gagccggagt 7440 
atgcgtgatt aaatacataa aagagcagat 7500 
cagcaagatc ctagaatttt ggagactaat 7560 
gaaattcctg ggaggaaaaa aagtgtaaat 7620 
gcttcagaga ggttaactgc gcgctggtcg 7680 
caaaatggga tagatactcc cgcccgaaag 7740 
ctacaggttt gaagcctgca ccccagacca 7800 
ttcagttagt tatataaagg cgagatacta 7860 
ggtatacagt agataattaa tttcaatggt 7920 
aacatgtgtt tcctcagtaa agtgttccgt 7980 
cttcatttgc atagcgcctt gcattttggg 8040 
ctaaaagcag aattttttgc aaagtgaaaa 8100 
tgtttgtttt taatggaaaa acttctcacg 8160 
ctgcaagcga gaagcaagac tttcgtaggg 8220 
tgccgttgct ttatagaact gcaagtatgt 8280 
gttgacaacc aactcccctt gagtttagac 8340 
gattagccca gggaaactaa ggctcagaca 8400 
ccaactccct aggggaaatg aaacctacag 8460 
agtggcccta ttggcaggag tggccttatt 8520 
tcacttggag gcgaggtttt gaggtacgta 8580 
gtctgcagaa cgtggtctcc ttctggctgc 8640 
cttctccagc accatgtctg cctgcttaat 8700 
tgtgcctctg aaactgtaag tcagcccccc 8760 
tatatatatg tatgtatata tgtatgtata 8820 
cagggtctca ctctttagct ctggctggcc 8880 
gaactttgaa gcaatcttcc tgcctcagcc 8940 
caagccattt aaatcttatg atgacttata 9000 
agttcacaga tccctacaat ctaacctcgt 9060 
ctggaactgc tttgaggaat gctgcaggct 9120 
cttcagcctg gttgccttcc ccccccatgt 9180 
tcaaatacca ctagctagta aggctccccg 9240 
tcactttctc cctgccacag acaaccaaac 9300 
atgaaggtta atagatgtct tcacaacctt 9360 
atgcatctga gacacagaat tccctagagc 9420 
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tgtggttctc ctcattccta gtgctgggac cctttaatac atttcctcat gttgtggtga 9480 
ccccaccacc accataaaat tatttccatt gatacttcat aactgtaatt ttttctattg 9540 
ttatgaatag taatgtaagc atttgtgttt cccagtgatc ttagatgacc ctgtggaaga 9600 
gtcattccac cccaaagggg tccccaccac aagttaagaa ttcctgccat agaggaatca 9660 
cagggaccat ggattaacac ttgggtcgac ttttgggctg ccttctggga ggcgctagag 9720 
ctaatgacag ctacatcaat ttctgaaatt ttgtgtgtgt gtgtgtgtgt gtgtgtgtgt 9780 
gtgtgtgtgt gccctgagtc gggtgctgag ataggccagt ggctttagtg ttcctggacc 9840 
cattactcac cagaactctc ccctcacctg attctttgat gtgaacacta tgtcttcata 9900 
gtggcggtgg caatagcagc aacagtgaac taaattttaa aagtagaact cagctggaga 9960 
tacaaatatt gcagttttga agttggggtg gattgtctaa taacttaata acataaccca 10020 
gaagagaggc cccttggtct tgcaaacttt atatgcctca gtacagggga acgccagggc 10080 
caagaagtgg gagtgggtgg gtaggggagc agggtggggg gagggtatag gggactttcc 10140 
ggatagcatt tgaaatgtaa atgaagaaaa tatctaataa aaatttgaaa aaaaatgtta 10200 
ccccagtttg gcctggatct cactacctca accagactgg catgtgactc tgctgagatc 10260 
tgcctacttc tgcctcctgg gtgcagaaga caatttttgg aagttagttc tcttcttcca 10320 
tcttgtggat tccagggatt gaactcgggt catcaggctt ggctgcaagt gacttactta 10380 
ggtgtctccc agaccctctc ggtttgatta gttagatgct gcacttcatg cctgactttc 10440 
gcactatgta gatagagcaa tgtctataac atctcctaca atgatatgta tatcaagagc 10500 
caagtgatga gatggctcag tgggtaagag cacagactgc tcttccaaag gtcccgagtt 10560 
caaatcccag caatcacata gtggcttcca ttccctctta tggaatgtct gaagactgct 10620 
acagtgtact tacatataat aaataaataa atcttaaaaa aaaaaaaccc agccgggcgt 10680 
ggtggcgcac gcctttaatc ccagcacttg ggaggcagag gcaggcggat tcctgagttc 10740 
gacgccagcc tggtctacag agtgagttcc acgacagcca gaactacaca gagaaaccct 10800 
gtctcgaaaa aaaaaagaga gagagggaag tgagagcgca ataatcttaa catttctgtg 10860 
gttgtctttg ctgtagtcta ttctgataag caatgctggc ttgctcccaa ggtaggaagt 10920 
aacatttctt tataaaaggt atttgctctg ctttattttt ctgttttatt tatggtgctg 10980 
aggatggaac ccaggaccct tggcaagcaa ggctagctgt ttaccactga gccatactcc 11040 
agccttgcac tgggggattc taggcaaggg ttctaccact gagccacact ccccaccccc 11100 
atccctctct ggaagattct aggcagttcc atacctagcc tttgatcttt taagacggtc 11160 
ttactagagc tcagtt 11176 
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